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Abstract

This paper describes a computer program, NetStat, that is designed 1o
analyze the connectivity of probabalistic networks. The program, which offers a
full graphic user interface (GUI), allows the user 1o visually layout a network
topology and specify the destruction probability, Pd, for each network element. A
Monte-Carlo simulation is utilized to obtain estimates of various connectivity
metrics. Some details of the implementation are discussed and an example
applicaton is illustrated. A user manual is provided. Source code is also provided,
*wtien in Symantec's Think Pascal for the Macintosh personal computer.
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1.0 _Introduction:

The study of networks has found application in many diverse areas. These range
from air-traffic routing, to power and commodity distribution, telecommunication and
computer networks as well as epidemiology and circuit analysis. One quality which
network designers/analysts are often concerned about is the degree to which the network
elements or nodes are connected. In the case of supply networks or communication
networks the systemn designer may want to provide reliable connection between two given
nodes or a uniform level of reliable connection to all nodes. A network architect may also
be faced with cenain performance constraints such as delay and throughput which limit his
ability to meet the other requirements. As is ofien the case, the cost and availability of
components and technology further constrain the designer. In this demanding environment
of tradeoffs it is desirable to be able to quantify the performance of a given network,
including its connectivity, to determine when the design goals have been adequately met
and to enable resources to be allocated in the most intelligent way.

Historically a great deal of work has been done on analyzing the reliability of
networks under a deterministic threat environment; that is, assuming an attacker has
complete fore-knowledge of the network topology[11{7](15]. The goal of this previous
work often centered on minimizing the number of steps required to partially or completely
segment a network, and a number of closed-form solutions have been derived[2}{7]. This
approach is reasonable given the assumption of a deterministic threat. The closed-form
result is also practical in light of the fact that computer simulated solutions were not viable
until only a relatively short ime ago.

However, networks are often subject to random factors such as weather,
component life time, and collateral damage, either due to benign (construction/car accident)
or hostile (military attack on adjacent target ) sources. In this environment it is natural for




network component reliability 10 be described in a probabalistic fashion, yielding
probabalistic networks. Analysis of this type of network has been characterized as an "NP-
hard problem” and closed form solutions become intractable for all but the most constrained
problems|13].

It is the aim of the computer application described in this paper to provide the
network designer/analyst with a tool to asses various aspects of connectivity for these
probabalistic networks. It is also the goal of the 100l to be easy to use and generally
applicable to a wide array of real world problems. Therefore a number different types of
network components are provided for problem setup. And several connectivity metrics can
be computed allowing the analyst to answer several types of questions including: What
topology is more reliable? Where is the best location for an additional link to enhance
connectivity? How often should a given resource be replicated in a distibuted computng
environment? And more.

2.0 Theory of Operation:

To undersiand the operation of the tool, let's first define some vocabulary. The
terms described here are defined primarily in the context of the tool but are also generally
used in other contexts ( see texts on Graph Theory for rigorous definition of terms[2][3] ).
A network is a collection of any number of nodes and links where N nodes can be joined
by M links. A link must always be terminated by a node at each end (does not have to be a
different node for a self-loop although self-loops are not considered here).

A link is represented as an edge or line which joins two nodes. There are two types
of links considered here: simplex and duplex. Simplex links are directed edges which
allow connection between nodes only in one direction. Duplex links are undirected edges
which allow bidirectional connection between nodes. No distinction is made between half-
duplex and full-duplex here.

Nodes are represented as points either located at the end of one or more links or
separately as unconnected elements. Three types of nodes are considered here. The term
node can be used generally to describe all types or specifically referring to the "Node"
element in the computer application. The other node types in the application are "Hubs" and
"Bypass Switches”. "Hubs" only differ from the generic "Node" in a conceptual way and
are treated by the application identically to "Nodes". "Hubs" are generally considered the
central connecting elements in star type networks. They are included here as a separate type
of element so that type specific parameters can be set for all hubs in a given network. The




"Bypass Switch" is another specialized node. It differs from the other nodes in that it is not
considered when computing segment length or when assessing segmentation.

A segment is defined as a subset of the original network, consisting of nodes and
links, within which each non-"Bypass Switch" node has a round trip path to every other
non-"Bypass Switch” node. A network is considered segmented if it is made up of more
than one segment. In other words, a network is segmented if at least one operational node
is unable to establish a round trip path to at least one other operational node. Figure 1a and
figure 1b illustrate this definidon.

Segment 1

Segment 2

M Segment 3

Figure 1b - A Segmented Network, the number of segments=3
Note: segments consisting of only Bypass Switches are not counted.




In a probabalistic network each network component is given a probability of failure
or destruction, Pd. The element is considered to be either operative or inoperative based on
a distribution described by Pd. This probability can also be thought of as the reliability of
the component within an interval of time. Because each element in the network can assume
a binary state it is apparent that in a network consisting of N nodes and M links that the
total number of system states is given by:

Nstates = #of possible system states = 2N+M (1)

It should be noticed that this number can be quite large, even for small to medium sized
networks.

Each system state, consisting of some combination of operative and inoperative
network components, has a certain probability of occurrence given by the following:

let x = the event that a particular sytem state, j, occurs; wrere 1sj<Nstates
L. = the probability the the i'” element is inoperative; q, = 1 - p;
& = q if the i'" element in a particular system, j, is operative
=p; ifthe i™ element in a particular system, j, is inoperative
P(x,) = the probability x, occuring

#o! e¢lements
in system

Px)= JI =

i1 (2)

Given that the network is in one of these system states, with some nodes and links
inoperative, the resultant topology can be analyzed for qualities like segmentation and
segment size.

Now it is useful to describe the connectivity metrics investigated by NetStat. The
primary measure of connectivity looked at by this tool is the probability of segmentation,
Pseg. This metric is very simply the probability that the network will consist of more than
one segment. Stated more rigorously, Pseg is the probability that at least one operational
node cannot establish bidirectiona! connection with at least one other operational node.
This is seen as a good measure of how well the network is performing its function of
connecting all nodes and it is desirable that Pseg be minimized in most cases. This metric




is an accepted reliability measure in the current literature [11]. As a note, a network
consisting of one or zero nodes is not considered segmented by definition. Pseg can be
calculateq as follows:

let p,=1if the /" system state contains > 1 segment

= 0 if the j' system state contains 1 or 0 segments
Nstates

Pseg= 3, p;P(x)
jut (3)
Another well accepted measure of connectivity which is investigated by NetStat is
the expected value of the number of connected pairs, Ecp {4]. For a given network, the

number of connected pairs is defined by:

let K= # of segments in the | system state
Nix = # of nodes in the k'™ segment of the | system state

. NiNy-1)
#of connected pairs in a particular system,j, = Ncp; = 3, 5
kel (4)

It is the number of ways to choose 2 nodes from a set of N nodes summed for each
segment in the network. The expected value of connected pairs is given by:

Nstates
Ecp= 3, Nep,Px,)

=1 (5)
Two other metrics are, the average or expected value of the segment length, Esl,
and the expected value of the maximum segment length, Emsl. All possible segments and
their probability of occurrence are used to compute the average segment size; whereas only
the maximum segment length for each system state and it probability of occurrence is used
to compute the expected maximum segment length. These measures give an idea of how
well the network is held together even if segmentation does occur. They also give an
indication of the most likely segment size which is useful when designing distributed

systems on a probabalistic network. Their definition is stated mathematically as follows:

let Ly = the length of the k™ segment
M, = the length of the max'mum segment in the " system state

<L
Nstales z L" Nstates
Esl = z k-;( }P(x,) ; Ems! = 2 M, P(x)
e j =1 (6)(7)




For generality, when we ook at Ecp it is normalized 10 the maximum number of
connected pairs in the fully funcuonal network. Similarly, Esl and Ems) are normalized 10
the total number of nodes in the whole system wher all nodes are functional.

All of the metncs here can be computed exactly based on their definitions. One
could examine every possible state of the network along with its probability of occurrence
and keep track of segmentation , number of connected pairs, segment size etc. However,
as stated before, the number of sysiem states grows exponentially with the number of
nodes and links and this method would be intraciable for all but the most trivial networks.

Another approach, which works in some cases, takes advantage of system
constraints and network symmetries to simplify the computation. Two of these analytical,
closed-form expressions are shown here without proof for later companson. The first is an
expression for Pseg for an N node rning with duplex linking elements. The parameters are
p. the node probability of failure, and g. the duplex link probability of failure:

N-1
Pseg=1-pN+(N-1)(1-pN(1-pN-NY pi1-pNy1 - gt
1=0 (8)[8]

The second 1s an expression for Pseg for an N node simplex nng. where q is the simplex
link probability of failure:

Pseg=1-pN-NpNT(1-p)-(1-gN1-pN 9112}

However, when the system under consideration has a fair sized number of nodes
and a fairly complex topology, our only recourse is computer simulation. The technique
used in NetStat is a Monte-Carlo simulation. The basic principal of the Monte-Carlo
technique in this application is to randomly generate an ensemble of the system states so
that estimates of the connectivity metrics can be computed over this ensemble. It is an
essential requirement that the randomly generated system states in the Monte-Carlo
simulation be statistically independent. This can be achieved if a random number, Rn,
uniformly distributed between O and 1, is generated for each network component and
compared to that components Pd in the manner of a Bemoulli experiment, as follows:

it Rn < Pd, the state of the i'™ element is inoperative
eise if Rn > Pd,, the state of the i'™ element is operative




This also assumes that the uniform random numbers are statistically independent.  This
process is repeated for every element in the network thus generating one random state of
the network.

The randomly gencrated system state can then be analyzed as before for
segmentation, number of connected-pairs, segment size, etc. This procsss of generating a
state and analyzing it is repeated as many times as is dictated by the simulation. The idea is
that the statistics observed in this randomly generated ensemble will reflect the true ones
and a good estimate of our metrics will be obtained if enough samples are used.

The benefit of the Monte-Carlo technique is that the number of states or trials that
must be investigated can be significantly less than the total number of system states and is
only dictated by the required accuracy. There is ar: expression which relates the number of
Monte-Carlo trials required to the desired accuracy as follows. Without going into detail
this expression relates the estimated result produced by the simulation to the exact result it
reflects with the number of trials, N, as a parameter. It can be applied to general precision
if the exact probability, p, is assumed 1o be the least significant digit in the desired
accuracy:

p = the exact probability being estimated
P = the estimated probability
p-2Yp/N<ps<p+2Yp/N (10)[6)

This expression is valid with a 95% confidence level due to certain approximatons
in its derivaton. An example of its applicaton follows:

let p = the desired accuracy in Pseg = 103
N = #of Monte-Carlo trials = 104

0.00036 <p < 0.00163

From this we can expect to sec fluctuation in the third decimal place and occasional
fluctuation in the second decimal place when 10,000 Monte-Carlo trials are used.

The computer application, NetStat, was implemented on a Macintosh personal
computer using Symantec's Think Pascal. The Macintosh platform was desirable due to its




inherent suppon for a graphical user interface as well as being an adequately powered
computing engine. This support comes primarily through the, roughly, 700 ROM-based
Pascal routines which are bundled with the Macintosh computer. These routines handle a
wide array of low level tasks, including the creation of a windowing environment, pull-
down menus, file /O, basic drawing, etc. Although the description of tlie program which
follows is focused primarily on the simulation related data structures and algornithms, it
should be noted that more than 70% of the source code is devoted to creating the GUI and
pladorm specific interaction. This is a typical percentage for applications with a full GUL

The application was geared to the high end Macintosh 11 series computer (SE/30
also) which incorporates a separate math coprocessor to enhance the efficiency of floating-
point operations. The source code may be recompiled to run on Macintoshes without a
math coprocessor making minor adjustments. However this will result in a noticeable
degradation in performance.

The choice of a Pascal-based development environment® was natural due to its
compatibility with the operating system interface and the language's straightforward
readability. Pascal also offers a number of language constructs which facilitate the
implementation of this model. These include; abstract data structures such as “records” and
"sets”, the ability to link structures with pointers (e.g.. linked list), and support for
recursive procedure calling. In the description of the program implementation that follows
it will be shown how these features were utilized to construct a model of the network and
facilitate its analysis.

A 1typical user session on NetStat consists of three phases ( see NetStat User's
Manual for complete description of program environment and user interface ). The three
phases are; topology construction, parameter specification, and simulation run. During the
topology construction phase, while the user visually lays out the network to be analyzed,
an analogous data structure is constructed and held in the program’s global data space. The
data structure is basically a linked list consisting of two types of elements, node records
and link records. Figure 2 shows the basic makeup of these two records (see NetStat
Source Code, ConsVars Unit for exact record structure).

*Authors Note: The Think Pascal environment is an excellent full featured professional
programming environment. It offers an integrated editing, debugging, linking and
compiling shell with an intuitive and easy 1o use interface. I highly recommend it.




Node Record Structure Link Record Structure
LOCATION 1D LOCATION | ARROWS
Pd KIND Pd KIND
ALIVE/DEAD ALIVE/DEAD
Array of Link Pointers End Point Node Pointers

Figure 2 - Record Structure for Nodes and Links

The network element records contain graphical informaton such as the "location”,
which specifies, relative to the application drawing pad,where the element should be
drawn. In the case of the link, additional information is stored showing where the "arrows”
should be drawn. All elements have a "Pd” field which is its probability of failure and a
“kind" field which specifies "Node","Hub", or "Bypass” in the case of the node element
and "Simplex” or "Duplex" in the case of the link. All elements also have a state field
which specifies whether the element is operational or not. Most significantly, all element
records have holders which can contain the address of, or pointers to, the other records in
the network data structure. In the case of the nodes, an array of pointers to link records is
used to keep track of which links emanate from a node. It should be noted that a pointer to
a bidirectional link would be stored in the array of both its endpoint nodes whereas a
simplex link pointer would only be stored in the node from which it emanates as indicated
by its arrow. In the case of links, two fields are provided to keep track of the addresses for
the two node records at each endpoint.

Figure 3 illuscates the resultant data structure when a 4 node ring with one
diameric crosslink is construcied. All links are bidirectional.

After the topology is constructed the user may specify the Pd's for the network
components. This may be done uniformly by type; that is for instance, all "Hubs" have a
Pd = 0.1. It may also be done individually by visually navigating the network (clicking on
components) and setting each components Pd accordingly. Additionally, parameters such
as the number of Monte-Carlo trials can be set.

When parameters such as these are set up, a simulation "run” can commence. A
flow chart of the simulation operations is shown in figure 4. The state of each network
component is determined for all the components in the network to produce a new topology
or system state. This resultant topology is analyzed for the metrics described above and
counters are maintained as to whether segmentation occurred, the number of segments
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produced and their sizes. This process is repeated N times where N is the number of
Monte-Carlo tials. Then the counters are examined to determine Pseg, Ecp, Esl and Emsl.

The operations in block 3 of figure 4 are central to the working of the simulation
and it is very important that this step be computatonally efficient. Basically, this operation
is implemented as a depth-first tree search which proceeds until all operational nodes are
accounted for. The searching portion of code is called recursively while keeping track of
"set” type vaniables which indicate which nodes are in the current segment and those that
are accounted for in other segments (see NetStat Source Code, MultiEngine Unit,
procedure inspectseg ). The "set” language constructs included in Think Pascal are
instrumental in these operations, providing a means to compute rapidly the union and
intersection of various sets. The tree search must treat simplex links in a special way. The
nodes encountered when traversing a simplex link are not added to the set of nodes in the
current segment until 2 roundtrip path is established.

Another critical portion of the implementation is the nature of the random numbers
generated when determining the state of each network component. These numbers must be
statistically independent and a unique series of numbers must be generated each time a
simulation is run. The random number generator used in this simulation 1s the natve one
found in the Macintosh ROM which has been well studied and determined 1o generate high
quality output® . Steps were 1aken to re-seed the random number generator between runs.

Source code for NetStat is included at the end of this paper. The code is broken
into three units; ConsVars, Main, and Multi-engine. ConsVars contains global constants
and global variables as well as application specific data types and structures. The "Main”
unit contains many routines to implement the user interface and construct the network data
structure as well as the main-line of the program. The "MultiEngine” unit contains two
versions of the code that analyzes a given topology, one which is optimized for Pseg and
another which is more general in scope.

* Minima! Standard RNG - Park. Miller; Communications of the Association for
Computing Machinery. Oci. 1988
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4.0 Example Application:

To illustrate how NetStat can be used an example problem is posed. The example
problem, which might be faced by a local area network designer, is the choice berween two
given topologies. Specifically, the tool will be used 10 evaluate the benefits of a star
topology versus a ring topology for a twelve node network. For one of the given
topologies the tool will also be used 1o determine the best way to enhance its reliabiliry.

Some assumptions about the problem follow. The role that the network is designed
to fulfill is the bidirectional communication between all nodes, and the network is
considered failed if all nodes cannot communicate. The link medium is assumed to be
bidirectional (duplex) such as ethernet coaxial cable. For the most part, equivalent
resources are available in each case. That is, twelve nodes and twelve links are available 10
construct the network. In the case of the star however, an extra component is assumed for
the central connecting node, or hub. (In the actual simulation a "bypass switch™ is used
because we do not want the central node counted for Pseg or segment length - see Users'
Manual ). In general we know very little about the actual destruction probabilities for the
various components. We have made the assumption that all components of one type have
the same destruction probability. Additonally in certain design environments the nodes are
more likely to fail than the links. This assumption has been made for one of the
comparisons described here.

Figure 5a and 5b show the two architectures as they were set up in the simulation
environment. The probability of segmentation was chosen as the criterion of optimization
because of its stringent nature and because of the previously stated goal of the network to
provide communication to all nodes. As a reminder, our aim is to choose the topology
which minimizes Pseg. Since we have very little information about the probabilities of
failure, we must analyze the behavior of the network over a range of values for each
component, thus generating a family of curves for each topology which paint a broad
picture of their respective levels of connectivity. The main parameters to be varied are the
probability of destruction for the nodes ( NPd) and for the links (LPd). In the case of the
star the central nodes destruction probability (HPd) may also be varied. Figure 6 and 7
show families of curves of Pseg versus LPd for different values of NPd, for the ring and
the star architectures respectively. It tumns out that the Pseg for the star is fairly sensitive to
the value of HPd (see Figure 8). For the purpose of comparison we
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Figure 5b - Ring Topology
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Probabliity of segmentstion, Pseg
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only examine two cases, HPd=0 and HPd=0.1, assuming a highly reliable hub can be
used.

From the figures we can see that the stars reliability is more sensitive to LPd than to
NPd, whereas the rings reliabili-  is more equally sensitive to NPd and LPd. Because we
know that nodes are more likely to fail than links, we would like to make a comparison
with this constraint. We can (somewhat arbitrarily) let LPd = 0.5 NPd and let NPd be
varied. Figure 9 shows this for the star and ring. Also shown in this figure is the affect of
adding crosslinks to the ring which will be discussed later. For all of the curves presented,
failure probabilities beyond 0.5 were not investigated since the state of the network is less
interesting when more than half of the components are removed (we assume that the
network will almost assuredly be unusable in this state). Additionally, the value of Pseg
approaches 0 as NPd approaches 1, by definition. This is somewhat counter intuitive and
1S NOt constructive in the comparison.

In the last comparison only failure probabilites less than 0.1 were examined. This
assumption of low levels of component failure can be reasonable in many cases, excepting
possibly the military environment where high levels of damage can occur. The comparison
in Figure 9 favors the ring over the star even with the generous assumption of HPd = (.

Given that a ring has been chosen, one may be interested in ways to enhance its
reliability. There are two ways to approach this. The first is to try to minimize the failure
probabilities of the components and the other is to add resources, namely links, to provide
redundant connection. Assuming that all has been done to minimize failure probabilities we
must turn to the addition of links. This begs the question; where should this link be placed
to minimize the probability of segmentation. In the case of the twelve node rirg an
additional link was added between all possible pairs of nodes and it was determined that the
diametric crosslink provides the most additional reliability. Data was generated for the ring
with increasing number of diametric crosslinks. The results are shown in figure 9 through
13. From these figures we can see the significant benefit to reliability realized by adding
redundant links.

It is also important to note that this has a greater impact on reliability than increasing
the reliability of the hub in the star network. This is a significant result because it is often
cheaper 10 add more links than to increase the reliability of certain components.
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Probabliity of Segmentation, Pseg
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Probability of segmentation, Pseg
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Probabliity of Segmentation, Pseg
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Probabllity of Segmentation, Pseg
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50 Verification of Resulis:

One of the inherent problems with a simulated result obtained in the absence of a
closed form solution, is the difficulty in verifying the output. Even when the principal of
operation is sound, algorithmic errors can corrupt the results . Therefor it is necessarily o
take extra steps to validate a simulation . In the case of the simulation described her ,
several techniques were used to gain confidence and corroborate the results.

One technique that is useful is to look at limiting cases. Specifically, we can look at
the probability of segmentation as the Pd of the components approaches zero or one. Pseg
should approach zero as component failure probabilities approach zero(provided the
network was unsegmented to begin with). Pseg should also approach zero as the Pd of all
the components approaches one, as stated before. This method can be applied to all
components or selected ones. Another verification scenario using this technique is a star
network where all the satellite nodes and links are given a Pd of 0 and the HPd is allowed
to vary. As HPd approaches 0, Pseg approaches 0. In fact, Pseg should be exactly equal
to HPd at all values.

Another technique is to examine simple cases with a few number of nodes and
links. These can be worked out by hand and compared to the simulated result. Taking this
a step further, closed form solutions that have been derived for certain types of networks
(see Theory of Operation ) can be compared to the simulated result. To add further
confidence the comparison should be made for varying number of nodes and probabilities
of destruction. This type of comparison was performed for the two closed form solutions
provided ecarlier(equ. (8) and (9)) with positive outcome. Figure 14a and 14b show the
results of the comparison.

Another aspect of the simulation that can be verified is the convergence of the
Monte-Carlo results with increasing number of trials. This technique was applied 10 a
sample network by examining the spread of the computed result for Pseg over a set of 10
runs with the number of Monte-Carlo trials varying from 10 to 100000. The results of this
test are shown in figure 15. The performance is in agreement with that predicted by the
expression for Monte-Carlo confidence intervals (equ. (10)).
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6.0 Summary:

NetStat has been demonstrated to be a useful tool in assessing the reliability and
connectivity of networks. It is able to solve, through the use of Monte-Carlo simulation, a
wide array of problems which are otherwise intractable when approached in a closed-form
manner. The problem space addressed by NetStar is currently of great importance as infra-
structures and information systems become more complex and new ones are designed.

Problems such as those addressed by NetStat have been treated in current literature
to the extent that closed form solutions could be derived in certain constrained problems.
The metrics addressed by NetStat are generally accepted by the "networking” community as
valid measures of reliability. It is in the area where closed form expressions cannot be
derived that NetStat finds its utility. Additionally NetStat can be used to cross-validate
closed form expressions where a higher level of confidence is required.

It is the goal of the application to be generally applicable. To this end, NetStat
provides a number of network elements for topology construction so that real world
situations can be modeled as accurately as possible. These elements include specialized
nodes such as hubs and bypass switches as well as bidirectional and unidirectional links.
Failure probabilitics for individual elements can be specified as the problem dictates. Once
it is understood how NetStat treats the various components 1n the simulation, specialized
scenarios can be constructed.

NetStat also provides an easy to use graphic user interface. In this way visual feed
back is available during problem setup. It is the aim of the application to be intuitive to
operate so that more time can be spent on interpreting results than on problem set up.
NeiStat is implemented on the well known Macintosh platform increasing its ease of use
and accessibility. Finally, ranges of output data can be generated in an easily graphable
form so that a broad view of the problem can be mapped out.
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INTRODUCTION

The Network Survivable Topology Analytic Tool (NetStat) is a Macintosh
applicatio~ designed to aid a network architect or administrator in assessing the
survivability/reliability of a given network topology. NetStal enables the user to
graphically and interactively describe a network topology. The user is provided with
several types of network elements(nodes, hubs,bypass-
switches,unidirectional/bidirectional links) so that real-worid topologies can be
realized.  After specifying destruction probabilities for each network
slement(individually or by type) the user can then run a Monte-Carlo simulation on
the network to estimate certain connectivity metrics - the metrics available in this
application are explained below. Tools are provided to edit, save and rearrange
the topology so that a series of tradeoff scenarios may be investigated. In this way
the user can allocate network resources in an intelligent way to maximize

connectivity under a variety of conditions.

ABOUT BOX

Network Surviveble Topology Analytic Tool (NetStat)
@ Version 1.2b by 6. Marzot email:gmarzot@linus.mitre.org

This Freeware application is an extension of the survivability
analysis described in the MITRE document, MTR-10665
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This application is also presented in partial fulfililment of
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USER INTERFACE

toolpalette:

& File Edit Rnalyze
— = NetS ol B

The network architectures are constructed in the application's drawing pad
in the main part of the application window. In the left hand side of the application
window a toolpalette is provided to assist in this operation. Each icon in the
palette, when selected, corresponds to a mode that determines what will be
drawn(or erased) in the drawing pad. A tool is selected by clicking on its icon in the
palette. The icon remains selected (greyed) until the task associated with it is
performed once then the tool becomes unselected and the cursor returns to an
arrow. A too! may be indefinitely selected (locked/black) by double-clicking in the
desired icon. The user may now perform the selected task a number of times. The
user may change the tool by clicking in another icon or return to the default arrow
tool by clicking in the blank area at the bottom of the palette. The tasks performed

when each tool is selected are listed:




Node Tool - Add node to architecture by clicking in drawing pad,
cursor is a square

Hub Tool - Add hub to architecture by clicking in drawing pad,
cursor is a square

Bypass Tool - Add a bypass switch to architecture by clicking in
drawing pad,cursor is a square

Simplex Link Tool - Join any two nodes(nodes,hubs or bypasses) by clicking
in the source node then in the destination node{order
determines direction), the cursor is a line with one arrow

Duplex Link Tool - Join any two nodes by clicking in the source node then in
the destination node(order does not matter), the cursor
is a line with two arrows

Hammer Tool - Remove any node by clicking in it, all links incident on
the node are also removed, cursor is a hammer

Scissor Tool - Remove a link by clicking first in one termina! node then
in the other(order does not matter) , the most recently
added link will be removed, cursor is a pair of scissors

Arrow Tool - Default tool, Inspect the state of any network element
(node or link) by clicking in(on) it and set the failure
probability provided that option has been checked in the
Simulation Parameters cdialog box(see below), cursor is

an arrow




menus:

¢ JIILN Edit Analyze
g New 3N fetstat

Dpen kD
Close sl
load Nl
Save XS
Peint =P
Quit 1]

The File menu allows a preexistent architecture to be loaded from a file
using the Load menu item. The architecture is usually stored in a file with the
name "fname.arch™. The Save menu item will aliow a recently constructed topology
to be saved to a file along with all present application settings. The Quit menu
item quits the application. (note: clicking in the application close box also quits the

application.) All other greyed items are unimplemented.

& Hlemﬂnalgze
BO=== uno szt
3 L ut =K
Copy =0
Paste kU l
Clearall éiéi

The Edit menu allows the user to remove all nodes and links in the drawing
pad by selecting the ClearfAil menu item. All other greyed items are

unimplemented.




€ Fille Edit

Simulation... e
Output...

Run

The Analyze menu allows the user to set parameters related to the
simulation and the output format. By selecting the Simulation... menu item the
Simulation Parameters and Settings dialog box is displayed(sec below). By
selecting the Output... menu item a dialog box displaying output specifications is
displayed (see below). The Run menu item initiates a simulation in accordance

with the present application settings.

dialogGs:

Simulation Parameters and Settings

@ Monte Carlo #o0f Monte Cario States {10060
QO thaustive #of totel system states 2~ 0

O Individually Defined Destruction Probabilities
@ Destruction Probabilities Set by Type (see below)

from to step size
Node Pd= |0.250| ® or |0.000} {0.500] |0.100| O
Hub Pd= |0.250| ® or |[0.000| |0.500| [0.100] O
Bypass pd= [0.250] @ or [0.000] [0.500] [0.100] O
Simplex Link Pd= |0.125|® or {0.000] |0.500| {0.100]| O
Buplexn Link Pd= (0.125| @ or {0.000| (0.500{ |[0.100| O

0K | [Cencel

—————

ll




The Simulation Parameters and Settings dialog box allows the user to
specify the number of Monte-Carlo tnals that will be generated in the simulation.
As a reference the total number of system states, based on a binary state for each
network element, is shown in a static text field. The exhaustive simulation is
unimplemented. This would generate every realizable state for the system and
would be unrealistic for most networks. A radio button is provided to choose
between individually definable failure probabilities for the network elements or
tailure probabilities which are set by element type (i.e., node, hub, simplex link,
eic.) . When the individually settable option is selected each element can be
assigned a different Pd (see ToolPalette for details). When the "by type" option is
selected all elements of the given type will have the same Pd. When the
destruction probabilities are set by type there is a further option to make them
constant or generate data over a range of destruction probabilities. (note: the
choice of a ranges produces nested loops and will greatly increase simulation time,
Best to run once with constant probabilities and then determine how many

iterations are reasonable)

8 Probality of 0O Expected value of
segmentation maximum segment length

Expected value of
O p

[J Aversge segment length connected pairs

output filename: |jyntitied 1

| 0K Cancel

—

The output settings dialog box determines which metrics will be

generated and put out to a file when the Run menu item is selected. A check mark




next to the metric indicates that it will be caiculated and dumped to the specified file
in the output filename text field. A special feature is enabled when no metric
is checked. The probability of segmentation will still be calculated when Run is
selected but no file I/0 will take place and the result will still be printed to the

screen. The simulation will run up to twice as fast in this mode.

Element Record Link Record
ID#; 1 1D 1
TYPE: NODE TYPE: DPLR
Status: ALIVE Status: RLIVE
Pd: 0.250 Pd: 0.125
CANCEL ) 0K (CANCEL ) 0K )

These dialog boxes are displayed when the user clicks in or on any network
element(node or link respectively) while the cursor is the default arrow. The Pd field
may be edited to a probability between 0.0 and 1.0 inclusive provided the
"individual setting” option has been checked in the Simulation Parameters dialog

box.

CONNECTIVITY METRICS

When the Monte Caﬂo simulation is run an ensemble of the network states
are generated and the connectivity metrics are computed over that ensemble.
That means, that for one Monte-Carlo trial each network element may operational
or non-operational,based on its Pd, resulting in a new network which is a subset of
the original one. This resultant network can be analyzed in terms of its connectivity

metrics ( segmentation, segment size, connected pairs, etc.) and the result can be




stored. This process is repeated n times,where n is the number of Monte-Carlo

trials, and the results are averaged over n producing estimates of the metrics.

Probablility
of Segmentation -

Average

Segment Length -

Expected Value

of Connected Pairs -

Expected Value of

In graph theory jargon, this is the probability that a given
graph will contain more than one component. Stated
again, it is the probability that at least one surviving

node will not have duplex connection with at least one

other surviving node.

Average segment length (normalized to the undamaged

segment length)

Connected pairs are defined as the number of pairs ot
surviving nodes that can communicate in a given graph.
For each segment the number of connected pairs
equals N choose 2, or N*(N-1)/2 where N is the
number of nodes in that segment. (Normalized to

undamaged number of connected pairs)

Max. Segment Length - in each Monte-Carlo trial the size of the maximum

segment is recorded and averaged over the ensemble
of states. This is useful for investigating need for
resource replication in distributed processing
applications. ( Normalized to undamaged segment

length or total number of nodes)




FILE VO

Output over ranges of input parameters can be computed and dumped 10 a
file which is readable by CricketGraph™. The file is in tab delimited ASCII form
and can be read by most graphing and plotting software.

Architectures can be saved to a file (Filename.arch) and reloaded later.

GRAPHING RESULTS W/ CricketGraph™

This is accomplished by selecting both the output file and Cricket Graph and
then double-clicking on Cricket Graph. You may also read in the output file from
CricketGraph by selecting the show text file option from within CricketGraphs

Open... menu item dialog box. Appropriate column labels will be displayed.

LIMITATIONS/BUGS
The application is limited to 256 nodes with 256 links per node.

There is a limit ¢* 4 %inks between any two nodes.

it is important to note that a 12 node system with 12 links simulating 10,000 Monte-
Carlo states on a Mac licx takes approximately 10-15 seconds and that run time
increases with the number of states and the number of total elements. Some

simulations can run prohibitively long. Start with a small number of trials.

The application is designed to run on a Macintosh equipped with an 881/882 FPU,

it will crash if one is not present.

The application will crash if you try to load an improper file - this bug will be fixed




GLOSSARY

Pd -

Nodes -

Hubs -

the probability that a given network element wiii faii.

Nodes represent network components such as terminals, modems,
communication equipment or any similar items where users might
reside or locations where messages are relayed. The term node is

sometimes used t0 mean hubs and bypass switches as well.

Hubs are the center nodes for star networks. Hubs are very similar to
Nodes. The only difference is a conceptual one. The separate
representation allows the individual setting of the hubs Pd as in a
hardened hub star network where the hub has a Pd=0 and the nodes

may have a non-zero Pd.

BypassSwitches - Bypass switches are usually three terminal components which

can sense the loss of one connection and switch to the other. This
allows nodes to be remoted from a network so that their loss has less
of an impact on its connectivity. Bypasses are not counted in
segment length ,connected pairs, nor is a segment consisting solely
of switches considered valid for the probability of segmentation.
Nodes and Hubs are.

SimplexLinks - Simplex links are unidirectional communication links. This allows

each path of a duplex link to be represented separately. Connection
with simplex links is deemed valid only if a round trip path exists
between the elements being considered.

Duplex Links -Duplex links provide bidirectional communication between the two

nodes connected. Any two elements linked with an operational

duplex link are considered connected.
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unit ConsVars;

interface
co~st
{low memory nasties)
&5FSaveDisk = $214; { Negative of current volume refnum {WORD) }
kCurDirStore a $398; { DirlD of current directory [LONG] }
DEF_STATES = 1000; {default values for Simulation dialog box}

DEF_NODE_PD = 0.25;
DEF_LINK_PD = 0.125;
DEF_FRM_PD « 0;
DEF_TO_PD = 0.5;
DEF_STP_SZ = 0.1;

BASE_RES_ID = 400; {base resource ID for mos! res)

NIL_POINTER = 0; {Parameters for various tool box calls}
MOVE_TO_FRONT = -1;

REMOVE_ALL_EVENTS = 0,

SUSP_RES_MESS = 1;

RES_MASK = 1;

NO_EVENT = 0;

ADD_CHECK_MARK = TRUE; {menu check parameters)
REMOVE_CHECK_MARK = FALSE;

DRAG_THRESHOLD = 10; {window parameters)
SBarWidth = 15;

TOOL_SIZE = 32,

PAD_LIMIT = 1024;

MAX_NEG = -32768; {integer range}
MAX_POS = 32767 - 1;

MIN_SLEEP = 0; {parameters for waitnextevent call/verify)
NIL_MOUSE_REGION = 0;

WNE_TRAP_NUM « $60;

UNIMPL_TRAP_NUM = $9F;

SIM_DLOG = BASE_RES_ID + 1; {dialog box res (D}
OUT_DLOG = BASE_RES_ID + 2;

ELEM_DLOG = BASE_RES_[D + 3;

LINK_DLOG = BASE_RES_ID + 4;

NEW_ITEM = 1; {file menu items}
OPEN_ITEM = 2;

CLOSE__"EM =3

LOAD_ITEM = 4;

SAVE_'TEM = 5;

PRINT_ITEM = 6;

QUIT_ITEM = 7;

UNDO_ITEM = 1; {edit menu items}
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CUT_ITEM = 2;
COPY_ITEM = 3;
PASTE_ITEM = 4;
CLEAR_ITEM = §;

SIM_[TEM = 1; {anailyze menu items)
OQUT_ITEM = 2;

RUN_ITEM = 4;

ABOUT_ITEM = 1; {apple menu item}

APPLE_MENU_ID = BASE_RES_ID; {menu res iDs)
FILE_MENU_ID = BASE_RES D + 1;
EDIT_MENU_ID = BASE_RES_ID + 2;
ANAL_MENU_ID « BASE_RES_ID + 3;

NODE_ICON = BASE_RES_(D; {toolrelement icon res 1Ds)
HUB_ICON = BASE_RES_ID + 1;

BYP_ICON « BASE_RES_ID + 2;

SPLX_ICON = BASE_RES_ID + 3;

DPLX_ICON « BASE_RES_ID + 4;

CUTN_ICON = BASE_RES_ID + 5;

CUTL_ICON = BASE_RES_ID + 6;

NULL_ICON = BASE_RES_ID + 7;

ABOUT_ALERT = BASE_RES_ID; {alent res 1D}

ELEM_CURS = BASE_RES_ID; {cursor res IDs)
CUT_NODE_CURS = BASE_RES D+ 1;
ADD_SLNK_CURS = BASE_RES_ID + 2;
ADD_DLNK_CURS = BASE_RES_ID + 3;
CUT_LINK_CURS = BASE_RES_ID + 4,

DI_TOP « $0050; {location for error alert for bad disk routine)
DI_LEFT = $0070;
MAX_ITEMS = 127; {maximum nodes+bypass+hubs/links from one node)
ALINK = TRUE; {parameter for cutelem)
NOT_ALINK = FALSE;
Pl = 3.141592654; {x)
type

PtrToLong = “longint;
PuToWord = “integer;

{nodedypass/hub variables for set operations and bookupmg}
Node!DType = 0..255;
NodeSet = set of NodelDType;
SetArrayType = srray(0..127] ot NodeSet;
SArrayPtr = ASetArrayType;
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[t00! relat>d types)
ToolStateType = {off, on, locked);
ComType = (AddNode, AddHub, AddByp, AddSpix, AddDpix, CutNode, Cuilink, NuliComj);
LinkComs = set of AddSpix..Cutlink;
MapType = array[AddNode. NullCom] of Rect;

{network eslement! types)
ElemType = (Node, Hub, Bypass, Dplx, Splx);
LinkElems = set of Dpix..Spix;

{Node liks eiement record structure}
LinkPtr » ALink;

ElementPtr = AElement;
NodeArray = array{0..127) of ElementPtr;
LinkArray « array[0..127] of LinkP1r;
Eiement = record
1D: NodelDType;
Kind: ElemType;
Pd: Rea!;
Loc: Rect;
Alive: Boolean;
LList: LinkArray
ond;
FEiement = record
Kind: ElemType;
Pd: Real;
Loc: Rect;
end;

{link slement record structure}
Link = record
Kind: ElemType;
End1iD, End2ID: integer;
End1, End2: ElementPtr;
HookP11, A1ptt, A2pt1, HookPt2, A1pt2, A2pt2, Aptl, Apt2: Point,
Alive: Boolean;
Pd: real
ond;
FLink = record
Kind: ElemType;
End1ID, End2ID: integer;
Pd. real
ond,

{Dialog element types and record}
DiogltemType = (Npd, Hpd, Bpd, Spd, Dpd, Nfr, Nto, Nst, Hir, Hto, Hs!, Bfr, Bto, Bst, 8fr, Sto, Sst, Dfr,
Dto.{} . :
Dst, Mst, Tst, Mon, Exh, Nc, He, Bc, Sc, Dc, Nr, Hr, Br, Sr, Dr, ind, Typ, Pseg. Avs!, Ecp, Emsl);
DizlogRec = record
SimStrArr: arrey[Npd..Tst] of Str2s5; {Npd=3,Ssta24)
SimRadArr. array[Mon..Typ] ot boolean; {Mon=48,Dra59,Ind=25,
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Typ=26.from/to/step=33-35)

OutChkArr: arrey[Pseg..Emsi] of boolean; {Pseg«5 EmsinB)
OulFileStr: Str255 { )
end;

TFilePtr = *tex{;

ArchRec = record
NodeArr: arrey[0..127] of FEiement;
LinkArr: arrey[0..127] of Flink;
NumNodes: longint;
NumLinks: longint;
DiogRec: DialogRec

ond;
ArchFile a flie of ArchRec;
AFilePtr = *ArchFiie;

var
glinkSet: LinkEilems; {set of link elements 1o destinguish from nodes)
gLComSet: LinkComs; {set of link related commands to destringuish from node coms)
gTState: Too!Si1ateType; {present stale of the tool pane!)
gPadWindow: WindowP1r, {global window storage)

gSimDiogPtr, gOutDlogPtr, gElemDlogPtr, gLinkDlogPir: DialogPitr;
{Dialog Pointers to bne loaded in initially and dereferenced

later)
gDiogRec: DialogRec; {record of dlog box itern states)
pDone, {TRUE when time to leave app)
gWNEImplemented, {TRUE when WaitNextEvent trap is impiemented)
gFirstClick, {TRUE for first clik in content }
ginBackground: Boolean; [TRUE when application is in background used for activate event)
gTheEvent: EventRecord; {the event}
gAppieMenu, gAnalMenu: MenuHandie; {menuhandels)
gDragRect: Rect; {window drag limits}

gVScroll, gHScroll: ControlHandle;  {scroll bar handles}
gNumSegs, gTotalSegs, gNumStates, gSegCount, gCurrentTime, gOidTime, gFirstiD, gNumNodes,
gNumLinks: longint;
gFileName: S$tr2s5;
gOrigin: Point;
oPseg, gAvs!, gEcp, gEms!, gPIinch: extended;
pUpdateRgn: RgnHandie;
gMode: ComType,
@TMap: MapType;
gNodeArr: NodeArray;
gNilLinkArr, glinkArr: LinkArray.;
gMaxSegArr, gSeglLnthArr: erray[0..MAX_ITEMS] of longint;
gWhenFirstClick: fongint;
gBypSet, gNodeSet: NodeSet;
gWorld: SysEnvRec;
gSFSaveDisk: PirToWord,
gCurDirStore: PirTolLong:
{mplementstion
ond.




Main
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{$1+})
program Stat (inpul, output);
uses
ConsVars, Engine;

procedure Grow (w: WindowPir; p: Point);
forward,;

™ PathNameFromDirlD

'...'...'..'..'.'.......'.....'...I'......O..'.CI'."..'.)

*}

{(* Given a DirlD and real vRefnum, this routine will create and retum the)
{(* full pathname that comesponds to it. it does this by calling PBGetCatinfo)
{(* for the given directory, and finding out its nhame and the DiriD of its}

{(* parent. it the performs the same operation on the parent, sticking ITS}
{(® name onto the beginning of the first directory. This whole process is}
{(° carried out unlii we have processed the root directory {identified with)
{(* aDiriDot2)

{1"}

function PathNameFromDirlD (DirlD: longint; vRefnum: integer): str255;

var
Block: CinfoPBRec;
directoryName, FuliPathName: str255;
orr: OSerr;
begin
FullPathName := ™;
with block do
begin
ioNamePtr :« @directoryName;
ioDrParlD := Dirld,;
ond;

repeat
with block do
bsgin
ioVRefNum := vRefNum;
ioFDirindex := -1;
ioDrDirlD :« block.ioDrParlD;
end;
ofr = PBGeICatinfo{@Block, FALSE);

directoryName = concat(directoryName, “');
fullPathName := concat(directoryName, fullPathName);

untit (block.ioDrDiflD = 2);

PathNameFromDirlD :« fullPathName;
end;
{** PathNameFromWD

..I...’...‘..".'.'.'.'......I...‘..'Q.....'..""".O....")
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that corresponds to it. It does this by caling PBGetWDinfo 1o get the)
VRefNum and DirlD of the real directory. It then calls PathNameFromDiriD,)

)
* Given an HFS working directory, this routine retums the full pathname}
* and rewurns its resull)

[ X 20 N B AN B IR B IR N S 2 I 2 I B A L B B N B I B 2R K BN BN IR BK BN N BN BN BN R B BN BN BN N BE R AR BN 2R BN R BE BE R IR BN R IR R BE BN BN BN B BN BN N B AN J

"".'0.')

function PathNameFromWD (vRefNum: longint): str255;

ver
myBlock. WDPBRec;
orr: OSerr;
begin
with myBlock do
begin
ioNamePtr = nll;
ioVRefNum = vRefNum;
ioWDindex = 0;
ioWDProclD = 0;
end,

{ Change the Working Directory number in vRefnum into a rea! vRefnum }
{ and DirlD. The real vReinum is returned in ioVRefnum, and the real! }
{ DirlD is returned in ioWDDIrlD. )

o .= PBGetWDIinlo(@myBlock, FALSE),

with myBlock do
PathNameFromWD = PathNameFromDirlD(ioWDDirlD, ioWDVRefnum)
end,

{Itcno.o.oonnno-o. Blnomiil oocnoooccoaooooool)
tunction Binomial {num: integer): integer;
ver
i, p: integer;
begin
p=1;
It num > 1 then
p = {{(num - 1) * num) div 2)
sise
pw=0
Binomial :« p
end;

l,."."...... Doub'.c'ick 0'0"00'..!00'.....'0[}
function DoubleClick: boolean;
begin
it TickCount > (gWhenFirsiClick + GeiDbiTime) then

——
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begin
gWhenFirsiClick = TickCount,
DoubleCiick := FALSE

end

else

begin
DoubleClick :« TRUE;
gWhenFirstClick = 0

end

end;

{,l..'."‘..‘....'RNumTOS'ringtt...'.OQ...'.'..I)
procedure RNumToString (num: real; var theString: S1r255);
var
myStringt, myString2, myString3: Str255;
i: integer,
begin
NumToString(trunc(num), myString3),
num = AbS{num - trunc(num));
i = round(num * 1000);
myString2 = °.;
NumToString{i, myStringl);
It (( < 100) and (i >= 10)) then
myString! '« concat{’'0’, myString1)
eolse If i < 10 then
myStriagt = concat(*00’, myString1);
theString = concal(myString3, myString2, myString1)

end;
‘I".'.‘.....'.'O....' stflngTORNum .I'."..O.....Ot,)
procedure StringToRnum (theString: Str255; var num: real);

ver

myStringt, myString2: Str255;
i, j, k: integer;
n: longint;
begin
i = pos{’.’, theString);
fiaOthen
begin
StringToNum(theString, n);
num = n;
Exit{StringToRNum)
end;

k = pos(’-, theString);
HKkeOthen
begin
myString! := copy(theString, 1, i - 1);
StringToNum(myString1, n);
i -1
ond
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else
begin
myString! = copy{theString, k + 1, i - 1 - k);
StringToNum(myString1, n);
j = -1
end;

num e n;
myString! := copy(theString, i + 1, 1);
StringToNum(myString1, n);

num = num « {n / 10);

myString! = copy(theString, i + 2, 1);
StringToNum(myString1, n);

num = num + {n / 100);

myString? = copy(theString, i + 3, 1);
StringToNum(myStringt, n);

num = num « (n / 1000);

num = num * j;

end;
{I.....Q.Q.'...‘. lsDAwindow '...O‘."..'O"".'/}
functlon IsDAWindow (w: WindowP1r): Boolean;

begin

it wenll then
isDAWindow = FALSE

else
isDAWindow = (WindowPeek(w)*.windowkind < 0)
ond;
{’0.............." l‘APPWindow .'..........G.""'.,}
function IsAppWindow (w. WindowP1ir): Boolean;
begin

itw=nllthen
IsAppWindow .« FALSE

else
IsAppWindow = {WindowPeek{w)* windowkind = userkind)
ond,
{’....'....l. s.'scr.en..'..'.’)
procedures SeiScreen;
ver
theRect: Rect;
begin

theRect = gPadWindow*.portiRect;
theRect.right := theRectl.right - SBarWidth;
theRect.bottom := theRect.bottorn - SBarWidth;
theRect.left := theRect.left + TOOL_SIZE + 2;
OffsetRect(theRect, gOrigin.h, gOrigin.v),
ClipRect(theRect);
SetOrigin(gOrigin.h, gOrigin.v)
ond;

{".'.'.'.. R.‘.'sc'..nﬁ'lﬂﬁ...'*/}
procedure ResstScreen;
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beglin
SetOrigin(0, 0);
ClipRect({screenBits bounds)

end;
‘,......-.'.....".. Dr.wArrow‘ .‘.."."...'l.'..".l)
procedure DrawArrows (thelink: LinkPtr),

ver

rise, run: integer;
pti, pt2: Point;
sp, op1, ep2: point;
begin
with thelink* do
begin

PenSize(2, 2).
MoveTo(Al1pti.h, Alpti.v);
LineTo(Ap!1.h, Apti.v);
MoveTo(A2pt1.h, A2pti.v),
LineTo(Aptt.h, Apti.v);
it kind = Dplix then
begin
MoveTo(A1pt2.h, Alpt2.v);
LineTo(Ap12.h, Apt2.v);
MoveTo(A2p12.h, A2pt2.v);
LineTo(Apt2.h, Api2.v);
end
end;
PenSize(t, 1)
ond;

‘,'.......'....'Q'.'..Dr.wcont.."....I"O."..n

procedure DrawCont;
ver
theRect: Rect;
myTimeString: Str255;
ih: Handle;
ph: PicHandle;
i, J: ineger;
begin
for i := 1 to gNumNodes do
begin
| = 1;
h ;= Geticon(NODE_ICON «+ ord(gNodeArr(i]*.kind) - ord(Node));
Ploticon(gNodeArr{i}*.Loc, ih);
while gNodeArri)*.LListlj] <> nlldo
begin
MoveTo{gNodeArr[i}*.LList[j]*.HookP11.h, gNodeArr[i]*.LList[j]*.HookP11. v);
LineTo(gNodeArr{i]*.LList[j}*.HookP12.h, gNodeArr[i]*.LList[j]*.HookP12.v);
DrawArrows(gNodeArr{i]*.LList[j]);
] - ] + 1
end
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end
and;

l,..."‘..."l. G’.‘y'con ..I'.OIO."'O'/)
procedure Graylcon (com: ComType);
ver
h: Handle;
begin
ih := Geticon{NODE_ICON «+ ord(com) - ord(AddNode)).
Ploticon(gTMapjcom], ih);
PenMode(PatOr);
PenPat(itGray);
PaintRect(gTMap[com));
PenPat{black);
PenMode(patCopy)
end;

{Iotcocct.o.o..o..DrawToo’s.ooc.oto'.c.-o.,}

procedurs DrawTools;
var
ih: Handle;
tRect: Rect;
com: ComType;
prevBotiom: integer;
begin
PenSize{1, 1);
prevBottom :« gPadWindow*.poriRect.10p;
for com := AddNode to CutLink do
begin
gTMap{com] = gPadWindow*.portRect;
gTMapjcom}.top := prevBottom;
gTMap(com].right :« gTMapicom).left + TOOL_SIZE;
gTMap{com].bottom = gTMapicom].top + TOOL_SIZE;
prevBotiom := gTMap[com).bottom;
ih .= Geticon(NODE_ICON + ord(com) - ord{AddNode));
Ploticon(gTMap{com], ih);
FrameRect(gTMap[com))
ond;
SetRect{gTMap[NuliCom], 0, 0, 0, 0);
MoveTo(gTMap|[Cutlink].ieft, gTMap|[Cutlink].bottom);
LineTo(gTMap(CutLink].right + 1, gTMap|CutLink}.bottom);
it gMode < NullCom then
case gTState of
on:
begin
Grayicon(gMode)
ond;
focked:
begin
invertRect(gTMap{gMode]);
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ond;

off:

ond,
PenSize(2, 1);
tRect ;= gPadWindow* portRect;
tRect.right = tRect.left «+ TOOL_SIZE;
MoveTo(tRecl.right, 1Rect.top);
LineTo{tRect.right, tRect.bottom - SBarWidth):
PenSize(1, 1)
end;

I l‘..‘.".Q.'..Q...'.Dr‘WWindow'Oﬂt'Q....'.".4

procedure DrawWindow: (theWindow: WindowP1r);
var
theRect: Rect;
myTimeString: Str255;
begin
SeiScraen;
DrawCont;
ResetScreen;
DrawTools
end;

‘r . ® ® 9 @ & © ¢ O UN“.Wiﬂdow *® ® ¢ % & ¢ & @ 4 ¢ 5 O w & € & ¢ = n

procedure UpdateWindow (theWindow: WindowPtr),
var
savePort: GrafPtr;
begin
GetPort(savePort);
SetPort(theWindow);
BeginUpdate(theWindow);
it not EmptyRgn(theWindow*.visRgn) then
begin
EraseRect({theWindow*.portRect);
DrawWindow(theWindow);
DrawControls(theWindow);
DrawGrowicon(theWindow)
end;
EndUpdate({theWindow);
SetPort(savePort)
end;

{ ’."'......O'..Grow"...".i'..'.'....n

procedure Grow (w: WindowPtr; p: Point);
var

savePort: GrafPir;

theResult: longint;

oScroll: integer;
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1, oView, viewRect: Rect;
begin

GetPort(savePort);

SetPort(w);

SetRect(r, TOOL_SIZE + 18, 7 * TOOL_SIZE + 18, screenBits.bounds.right, screenBits.bounds.bottom);

theResult = GrowWindow(w, p, r);

i (theResult <> 0) then

begin
viewRect .= w* portRect;
InvalRect(gVScroil*A.contriRect);
InvalRect(gHScroll**.contriRect);
EraseRact{gVScroli**.contriRect);
EraseRect(gHScroll**.contriRect);
viewRect.left = viewRect.right - SBarWidth;
viewRect.top = viewReci.bottom - SBarWidth;
invaiRect(viewRect);
EraseReci(viewRect);
SizeWindow(w, LoWord(theResult), HiWord(theResult), TRUE);
HidePen;
MoveControl(gVScroll, w*.portRect.right - SBarWidth, w*.portRect.icp - 1);
SizeControl(gVScroll, SBarWidth + 1, w*.portRect.bottom - w*.portRect.top - (SBarWidth - 2));
MoveControl(gHScroll, w*.portRect.left - 1, w*portRect.bottom - SBarWidth);
SizeControl(gHScroll, w*.portRect.right - w*.portRect.left - (SBarWidth - 2), SBarWidth + 1,
ShowPen;
UpdateWindow(w);
SetPort(savePort)

snd

ond;

l ’.."'..'.’.....‘.."Hand‘oNu"'."..".'...."'4

{/".""........."'. S'v‘se"ings '.".'.l!'."'..".'."".'.'.l)

procedure SaveSettings (theDlog: DialogPtr);
ver
itemType: integer;
i: DiogitemType,
itemHandle: Handle;
itemRect: rect;
begin
with gDlogRec do
begin
#f theDiog = gSimDlogPtr then
begin
for i .= Npd to Mst do
begin
GetDitem(gSimDiogPtr, (ord(i) - ord(Npd) + 3), itemType, itemHandie, ltemRect);
GetiText(itemHandle, SimStrArr(i]);
ond;
fori.= Manto Typdo
begin
iti<ind then
begin
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GeiDitem(gSimDlogPtr, (ord(i) - ord(Mon) + 48), itemType, itemHandie., lemRec!);

SimRadArt(i) :« Boolean(GetCtiValue(ControlHandie(itemiandie)))
end
else
begin
GetDitern(gSimDiogPtr, (ord(i) - ord(ind) + 25), itemType, itemHandle, llemRect);
SimRadArr[i) :« Boolean({GetCt!iValue(ControlHandie(itemHandls)))
ond;
end
ond
else
begin
for i .« Pseg to Emsi do
begin
Ge1Ditem(gOutDiogPtr, (ord(i) - ord(Pseg) + 5), itemType, itemHandle, itemRect);
OutChkArri] :« Boolean({GetCtiValue{ControlHandle(itemHandle)))
ond;
GetDltem(gOutDlogPir, 3, itemType, iteamHandle, itemRect);
GetlText{itemHandie, OutFileStr)
end
end
ond;

‘,'...'.".O.'O..... R.S!Of. s.ttings t.'.'."'..'.00'0'....'000,)
procedure RestoreSettings (theDiog: DialogPtr);
ver

i DiogltemTyps;

nemType: integer;

hemHandie: Handie,

ftemRect: rect;

begin
with gDiogRec do
begin
BringToFront(theDlog);
it theDiog « gSimDiogPtr then
begin
GetDitem(gSimDiogPtr, 25, itemType, itemHandle, temRect);
SeiCtiVaive{ControlHandle(itemHandle), Integer(SimRadArr{ind])};
GetDitem(gSimDlogPtr, 26, itemType, itemHandie, temRect);
SetCtiVailve(ControlHandle(itemHandle), Integer(SimRadArr[Typ)));
for i := Npd to Mst do
begin
GetDltem(gSimDiogPtr, (ord(i) - ord(Npd) + 3), itemType, itemHandle, itemRect);
SetiText(itemHandie, SimStrArrli]);

ond;
for i .= Mon to Drdo
begin
GetDitem(gSimDiogPtr, (ord(i) - ord(Mon) + 48), itemType, itemHandle, WemRect);
SetCiiValue(ControiHandle(itemHandle), Integer(SimRadArr|i]));
end;

ond

Page 9
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else
begin
for i := Pseg to Emsido
begin
GetDhem(gOutDiogPtr, (ord!i} - ord(Pseg) + 5), itemType, itemHandie, itemRect);
SetCtiVaiue(ControlHandis(itemHandle), Integer(OutChkArrli]));
ond;
GetDitem{gOutDlogPtr, 3, itemType, itemHandle, mmRoct)
SetiText(itemHandie, OutFileStr)
end
ond
end;

(I'........'.HﬂndleAppiOChOECO..'..'. ....."..0’.0

procedure HandieAppieChoice (theltem: integer);
var
accName: Str255;
n, accNumber: integer;
itenNumber: Bylte;
AboutDialog: DialogPtr;
degin
case (theltem) of
ABOUT_ITEM:
n :« NoteAlert(ABOUT_ALERT, nil);
otherwise
begin
Getltem(gAppieMenu, theltem, accName);
accNumber = OpenDeskAcc(accName)
end
ond
ond;

‘I.."".'IQ.. Hi'iTool ..."0"'."',)
procedure HiliTool (com: ComType):
var
theRect: Rect;
ih: Handle,
dbl: boolean;
begin
db! := DoubileClick;
it (gMode « com) then
begin
if not dbl then
begin
it gTState = on then
begin
gMode := NuliCom;
gTState = off;
gFirstClick := TRUE;
gFirstiD = 0O;
ih := Geticon(NODE_ICON + ord{com) - ord(AddNode));
Ploticon(gTMapicom], ih)




——
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end
elise
begin
it com <> NuliCom then
begin
gTState := on;
Graylcon(com)
end
oend
ond
slee
begin
if com <> NuliCom then
begin
gTState := locked;
ih ;= Getlcon(NODE_ICON «+ ord{com) - ord(AddNode)),
Pioticon(gTMaplcom], ih);
InvertiRect(gTMap[com})
end
end
end
else
begin
i com < NuliCom then
begin
gTState := on;
ih .= Geticon(NODE_ICON - ord(gMode) - ord{(AddNode));
Ploticon(gTMapigMode], ih);
gMode = com;
Grayicon{com)
end
eise
begin
ih :« Geticon(NODE_ICON + ord(gMode) - ord(AddNode)).
Ploticon(gTMap[gMode], ih);

gMode = com;
gTState := off
end
ond

end;

‘l.'.'...'.... FindE'.m '.'..."'QOO...,’
function FindElem (pt: point). integer;
var
p. point;
done: boolean;
Elem: integer;
begin
p.h := pth + gOrigin.h;
p.v = pLv + gOrigin.v;
Elam = O;
done := FALSE;
i gNumNodes > O then

Page 11
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repeat
Elem =« Elem + 1;
done = PtinRect(p, gNodeArr{Eiem]}*.Loc);
untli (done or (Elem = gNumNodes));
# not done then
Elem = 0;
FinJEiem .« Elem
end;

"'.00.'..‘.00 G.‘LinkN“m ‘...00......"./’
tunction GeilinkNum (pt: point): integer;

var

p: point;

horiz, veri, done: boolean;

rise1, rise2, runi, run2, link: integer;
begin
p.h = pt.h + gOrigin.h;
p.v = ptv + gOrigin.v;
link = O;
done := FALSE;
It gNumlLinks > 0 then
repeat
link = link + 1;
with gLinkArrflink)* do
begin
vert := (HookPt1.h = HookPt2.h);
horiz .= (HookPti.v = HookPt2.v);

Psge 12

it ((p.h <= HookP11.h) end (p.h >= HookP12.h)) or ((p.h <= HookP12.h) and (p.h >= HookP11.h)) then
it ((p.v <= HookPt1.v) end (p.v >= HookPt2.v)) or {(p.v <= HookPi2.v) snd (p.v >= HookPt1.v))

then
begin

runt = HookPti.h - HookP12.h;

risel = HOOkPti.v - HookP12.v,

run2 ;e HookPtli.h - p.h;

rise2 = HookPtiv - p.v;

It (horiz end (abs(p.v - HookPti.v) = 0)) then

done = TRUE

else If (vert and (abs(p.h - HookPt1.h) = 0)) then

done = TRUE

elae If (abs(round((rise1 / run1) * run2) - rise2) <= 1) then

done = TRUE

else If (abs(round((run1 / risel) ° rise2) - run2) <= 1) then

done .= TRUE:

end;
until (done or (link = gNumLinks));
if not done then
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link = O;
GetLinkNum = link
end;

{loooconoc-o---oo PopEIemDLOG 'ot.c--ocoﬁnvo-c-',)
procedure PopElemDLOG (theElem: integer):
var
dun: boolean;
1DStr. Str2ss;
TypeStr: Str2S5;
StatusStr: Str255;
PdStr: Str25ss;
theNewPd: real;
itemType: integer;
ftemHandle: Handle,;
itemRect: rect;

ltem: integer;
result: integer;
begin

BringToFront(gElemDlogPir);

NumToString{theElem, 1DStr);
GetDitem({gElemDlogPtr, 4, ltemType, ltemHandle, itemRec!);
SetiText(itemHandle, IDStr);

case gNodeArrftheElem}*.Kind of
Hub:

TypeStr := ‘HUB';

Node:

TypeStr := "NODE';

Bypass:

TypeStr := 'BYPASS';
otherwise
end;
GetDltem(gElemDiogPtr, 6, ltemType, ftemHandie, ftamRect);
SetiTexti(itemHandle, TypeStr);

it gNodeArr{theElem]*.Alive then
StatusStr ;= ‘ALIVE'
olse
StatusStir ;= 'DEAD";
GetDitem(gElemDiogPtr, 8, ltemType, temHandie, HemRect);
SetiTexi(itemHandle, StatusStr);

RNumToString(gNodeArr{theElem]*.Pd, PdStr);
GeiDltem(gElemDiogPtr, 10, llemType, ltemHandie, itemRect);
SetiText(itemHandle, PdStr);

ShowWindow(gElemDlogPtr);
while not dun do
begin
ModalDialog(nii, ltam);
cease hem of
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1:
begin
GeiDllem({gElemDlogP1r, 10, temType. ltemHandie, {temRect),
GetiText{itemHandie, PdSir),
SinngToRNuUmM{PdStr, theNewPd);
it {theNewPd <« 1.0) and (theNewPd >« 0) then
begin
it (theNewPd <> gNodeArrjtheElem]* Pd) then
begin
it (gDlogRec SimRadArr{ind]) then
begin
gNodeArritheEiem)* Pd s theNewPd;
Hidewindow(gElemDlogPir);
dun = TRUE;
end
slse
result ‘= NoteAlent{402, nil},
end
else
begin
Hidewindow{gEiemDiogPtr),
dun =« TRUE,
ond,
end
olse
begin
RANumToSinng(gNodeArr{theElem)*.Pd, PdStr),
GetDem(gEmDiogPtr. 10, ltemType, llemHandie, ltemRect);
SetiText{temHandle, PdSir);
result = NotsAlert(401, nil):
end,;
end;
2
begin
HideW:indow(gE lemDiogPtr),
dun = TRUE
end,
end;
ond;
end;

‘/.l'l"!.i"'... PopLinkDLOG '.0......."'...-0,)
procedure PoplinkDLOG (thelink: integer)
var
dun: boolean;
IDS1r:  S1r255;
TypeStir: S1r258;
StatusStr:  S1r255;
PdStr. Str2ss;
theNewPd: reai;
RemType: inleger;
ftemHandie: Hardie;
HemRect: rect;
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ftem: integer;
resull: integer;
begin
BringToFront(gLinkDlogPtr);

NumToString(thelink, 1DStr);
GetDltem(gLinkDiogPtr, 4, ltemType, hemHandie, emRec!);
SetiText{itemHandie. 1DStr);

case glLinkArr[theLink]*.Kind of
Dpix:
TypeStr .= "DPLX';
Spix:
TypeStr =« ‘SPLX",
otherwise
and;
GetDitem(gLinkDiogPtr, 6, ltemType, temHandle, emRec?);
SetiText(itemHandie, TypeStr);

it glLinkArrftheLlink]*.Alive then
StatusStr = ‘ALIVE'
L 11 1]
StatusStr := 'DEAD";
GetDitem(gLinkDiogPtr, 8, ltemType, ltemHandie, ltemRact);
SetlText{itemHandie, StatusStr);

RNumToString(gLinkArr{theLink)* Pd, PdStr);
GetDitem(gLinkDiogPtr, 10, hemType, ltemHandie, ltemRect);
SetlTexi(itemHandle, PdSir);

ShowWindow(glLinkDlogP1r);
while not dun do
begin
ModaiDialog(nii, ltem);
case ltem of
1:
begin
GetDitem(gLinkDlogPtr, 10, itemType, ltemHandle, ftemRect);
GetiText(itemHandie, PdStr),
StringToRNum({PdStr, theNewPd);
it (theNewPd <= 1.0) and (theNewPd >= 0) then
begin
it (theNewPd <> glinkArr{theLink)*.Pd) then
begin
it {(gDlogRec.SimRadArr{ind]) then
begin
gLinkArrithelink]*.Pd = theNewPd;
Hidewindow(gLinkDlogPtr);
dun ;= TRUE;
ond
else
result = NoteAleri(402, nil);
end

Page 16
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oise
begin
Hidewindow(glLinkDlogPtr):
dun = TRUE;
end;
end
else
begin
RNumToString(gLinkArr{theLink]*.Pd, PdStr);
GetDitem(gLinkDiogPtr, 10, ltemType, ltamHandie, itemRect);
SetiTexi(itemHandle, PdSir);
resull = NoteAlert{401, nll);
end;
ond;
2:
begin
HideWindow(gLinkDiogP1r);
dun .= TRUE
end;
end;
end;
end;

{IO....I.".'.I'..' NumLink‘ ...'....'0..'.00"/)
function NumlLinks (ind1, ind2: integer): integer,

var
i, j k. integer;
begin
j - ‘;
k = 0
while gNodeArr[ind1])~.LList{j] <> nlido
begin
# gNodeArr{ind1]*.LList{j]*.End2 = gNodeArr[ind2) then
K =ska+ i
jmje
ond;
j =1
while gNodeArr[ind2]*.LList{j] <> nili do
begin
it gNodeArr]ind2]*.LList[j}*.End2 = gNodeArr[ind1] then
Knket;
i K j + 1
ond;
Numlinks :» k
ond;

{,'0’.’..0..!-’.. A.‘ignHook‘ ."..'..'..."'..I}
procedure AssignHooks (ID1, ID2: integer; var q1, h1, g2, h2: integer);
var
rect!, rect2: Rect;
rise, tun: Real;
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linkNum, slope: integer;
begin
rect! := gNodeArr{iD1}*.Loc;
rect2 = gNodeArr(ID2}*.loc;
rise = rect2.top - recti.top;
run = teci2.left - rect left;
# abs(run) > abs(rise) then
bagin
it run > 0 then
begin
qQl = 1;
QR =2
end
else
begin
ql = 2;
Q2 = 1
oend
end
else
begin
It rise > O then
begin
q1 - 4
Q2 =3
end
else
begin
ql = 3;
q2 = 4
end
end;
ht = NumLinks(ID1, ID2) + 1;
h2 = hi;
it h1 > 4 then
Qi =0

end;

‘,...."..’..."..'. G.'"ookpt ..'.'....'."'...I}

function HookP! (iRect. Rect; q, h: integer). Point;
var )
p: Point;
mult: integer;
begin
it odd(h) then
mult ‘= -1
olee
mult = 1;
case qof
1:
begin
p.h = tRect.right - 1;

Page 17
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p.v = tRecttop + (mult * (h div 2)+1)°5
ond;
2
begin

p.h = tReclieft;
p.v = Rectiop + (mult * (hdiv2)+1)°5
ond;
3:
begin
p.v = tRect.top;
p.h ;= tRectieft + (mult * (hdiv2 +1)°5
ond;
4:
begin
p.v := tRect.bottom - 1;
p.h = tRectleft + (mult * (hdiv2)+1)°5
ond;
otherwise
end;
HookPt := p
end;

{,.C.'.'O'.'.'O.... GQ?APOin‘S 0...'.'0.0...0'."/)
procedure GelAPoints (pt1, pt2: Point; var e1, e2, sp: Point);
var
rise, run, slope, theta, deltas, deltac, sx, sy, ex1, ey!, ex2, ey2: real,
begin
un = p2.h - ptih;
rise = pt2.v - pti.v,
if run <> O then
begin
slope = rise / run;
theta := -arctan(siope)
end
olse it rise < 0 then
theta ;= Pl / 2
slse
theta = 3 * Pl / 2;

sx = pttth ¢« 2°run/3;
sp.h = round(sx);
sy = ptiv + 2 ® rise / 3;
sp.v = round(sy);
deltac = 3.8 * cos(Pl 7 4.7 - theta),
deltas :« 3.8 * sin(Pl / 4.7 - theta);
it run >= O then
begin
ox1 = 8x - deltac;
eyl = sy - deltas;
ex2 = gx - deltas;
ey2 = sy + deftac
ond
else

Psge 18
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begin
ox! = §x + deltac;
eyl = sy + dellas;
ox2 = sx + deltas;
ey2 = sy - deltac
end;
et.h = round(exi);
el.v .= round(eyl);
@2.h := round(ex2);
o2.v = round(ey2);
ond;

{’.'.‘t'...'.. AddE'.m 0"".-0!/]
procedure AddElem (tkind: ElemType; thePoint. Point);
var
theElement: ElementPtr;
theLEilement: LinkPtr;
theRect: rect;
ph: PicHandle;
ih: Handle,;
eorro: boolean;
result, i, j, id, Qt, H1, Q2, H2: integer;
pti, p2: Point;
begin
i = 0;
I = 0,
erro = FALSE;
it kind In gLinkSet then
begin
it gFirstClick then
begin
gFirstiD :« FindElem(thePoint);
it gFirstiD <> O then
gFirstClick .= Faise
end
else
begin
Q1 =« 0;
id =« FindElem(thePoint);
# ((id <> 0) and (d <> gFirstiD)) then
begin :
gFirstClick := TRUE;
New(theLEiement);
with theLElement* do
begin
kind = tkind;
Alive := TRUE;
End11D := gFirstiD;
End2iD := id;
Endt .= gNodeArrigFirstiD};
End2 = gNodoArr(id)
ond;
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repest
isiel
untli (gNodeArr|gFirstiD]*.LList(i] = nll) or (i =« MAX_ITEMS);
it i« MAX_ITEMS then
orro .« TRUE;
it tkind = Spix then
StringToRNum(gDlogRec.SimStrAr|{Spd], theLElement*.Pd)
else
StringToRNum(gDiogRec.SimStrArr[Dpd], theLElement*.Pd);
repeat
jmje
until {gNodeArr{id)*.LList[j] = nll) or (j =« MAX_ITEMS);
if j »= MAX_ITEMS then
orro :» TRUE;
AssignHooks(gFirstiD, id, Q1, M1, Q2, H2)
end;
it Q1 = 0 then
eorro := TRUE;
it not erro then
begin
with theLElement* do
begin
HookPt! = HookPt{gNodeArr[gFirstiD]*.Loc, Q1, H1),
HookPt2 :«= HookPt(gNodeArr[id]*.Loc, Q2, H2},
GetAPoints(HookP11, HookP12, Alptl, A2pt1, Apti);
GetAPoints(HookP12, HookP11, A1pt2, A2pt2, Apt2);
SetScreen;
MoveTo(HookPt1.h, HookPt1.v);
LineTo(HookPt2.h, HookP12.v),
It kind = Dpix then
gNodeArr(id]*.LList[j] :« theLElement;
ond;
DrawArrows(thelLElement);
ResetScreen;
gNodeArr[gFirstiD}~.LList[i] = thelLEilement;
gNumLinks .= gNumLinks + 1;
glinkArr[gNumLinks) := thelEiement
end
end
ond
else
begin
New(theElement);
theElement”.Loc.left = thePoint.h + gOrigin.h - 8;
theEiement* Loc.top := thePointv + gOriginv - 8;
theElement*.Loc.right := thePoint.h + gOrigin.h + 8;
theElement*.Loc.bottom = thePoint.v + QOngm v+B
theElement*.Kind := Kind;
case tkind of
Node:
begin
StringToRNum(gDlogRec.SimStrArr[Npd], theElement*.Pd);
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h = Getlcon(NODE_ICON)
end;
Hub:
begin
StringToRNum(gDlogRec.SimSirArr[Hpd], theElement* Pd),
h = Geticon(HUB_ICON)
end;
Bypass:
begin
StringToRNum({gDlogRec.SimStrArr{Bpd], theEiement* Pd);
th ;= Geticon(BYP_ICON)
end
end;
theElement®.ID := gNumNodes + 1;
theElement*.Alive = TRUE;
fori = 0to MAX_ITEMS do
theElement*.LList[i] := nlil;
thePoint = theElement*.Loc.toplefi;
thePoinLh = thePoint.h - gOrigin.h;
thePoint.v := thePoint.v - gOrigin.v;
it findEiem(thePoint) <> 0 then
orro '« TRUE;
thePoint = theElement*.Loc.botRight;
thePoint.h := thePoint.h - gOrigin.h;
thePoint.v = thePoint.yv - gOrigin.v;
it findElem(thePoint) <> 0 then
oo = TRUE;
thePoint.h = theElement*.Loc.right - gOrigin.h;
thePoint.v .= theElement*.Loc.top - gOrigin.v;
it FindElem(thePoint) <> 0 then
orro = TRUE;
thePoint.h .= theElement*.Loc.Left - gOrigin.h;
thePoint.v :« theEiement*.Loc.Bottom - gOrigin.v;
it FindElem(thePoint) <> 0 then
oro = TRUE;
#f thePoint.h < (gPadWindow*.portRect.left + TOOL_SIZE) then
orro = TRUE:
it theElement”.Loc.top < (gPadWindow* poriRect.top) then
erro .= TRUE;
H (gNumNodes < MAX_ITEMS) and (not erro) then
begin
gNumNodes .« gNumNodes + 1;
gNodeArrigNumNodes] '« theElement;
SetScreen;
Pioticon(theElement*.Loc, ih);
ResetScreen
ond
else
dispose(theEiement)
end
ond;

(,.'.....Q..........' FindLink ......'.'..'/)
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function findLink (thisNode, thatNode: ElementPtr): LinkPtr;
ver
i. integer,
begin
i=19;
findLink = nil;
while thisNode*.LList[i}] <> nlido
begin
it thisNode*.LList{i}*.End2 = thatNode then
findLink := thisNode*.LList]i);
imsiet
end
ond;

‘I‘...'.l'..'..'.ElimLink'.‘..."".'...'l'.,}

procedure ElimLink (theLink: LinkPtr);
var
i: integer;
Flag: boolean;
thisLink: LinkPtr;
begin
i = 1
Flag := FALSE;
while i <= gNumlinks do
begin
If {(not Flag) and (glLinkArr]i] = thelink)) then
begin
thisLink = glinkArr(i];
Flag := TRUE
end;
it Flag then
glLinkArr[i] = glinkAre[li + 1];
imie?
ond;
it flag then
Dispose(thelLink);
gNumLinks := gNumLinks - 1
ond,

‘,'...I'..'..'.Q.O D.‘.chLink '...0......,}
procedure DetachLink (theLink: LinkPtr; theNode: ElementPtr);
var
i: integer;
flag: boolean;
begin
im 19
flag .« FALSE;
while theNode*.LList[i] <> nli do
begin
H theNode*.LList]i) = theLink then
Fhﬂ - TRUE.
if flag then
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theNode* LList[i] := theNode* LList[i + 1]
ieiet
end
end;

‘,.‘.'.'.tl'...... E'a‘oLink C.l.‘..t'..‘,)

procedure Eraselink (thelink: LinkPir; thisNode, thatNode: ElementPtr);

var
th: Handle;

begin
SetScreen;
PenPat(white);
DrawArrows(thelink);
MoveTo(thelink*. HookPt1.h, thelink*.HookPt1.v);
LineTo(theLink* . HookP12.h, thelink*.HookP12.v);
h = Geticon{NODE_ICON + ord{thisNode*.kind) - ord(Node));
Ploticon(thisNode*.Loc, ih); .
i = Geticon(NODE_ICON + ord(thatNode*.kind) - ord(Node));
Ploticon(thatNode*.Loc, ih);
ReseiScreen;
PenNormal

end;

".'.."'..". cutE‘.m .‘I'.l....'...,}
procedure CutElem (link: boolean; ID1, 1D2: integer);
var
pt1, pt2: Point;
i, j. k: integer;
anLink: LinkPtr;
begin

i link then
begin
anLink = nl;
anLink := findLink(gNodeArr(iD1], gNodeArr[ID2]):
it anLink = nll then
anLink := findLink(gNodeArr[iD2], gNodeArr[iD1]);
H anLink <> nli then
begin
DetachLink(anLink, gNodeArr{iD1]);
DetachLink(anLink, gNodeArr(iD2));
Eraselink(anLink, gNodeArr{iD1], gNodeArr{ID2]);
ElimLink(anLink)
ond
end
elae
begin
HID! < O then
begin
for i:= 1 to gNumNodes do
begin
j =0
H i< ID1 then
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j = Numlinks(i, 1D1);
fork=1tojdo
CutEiem(ALINK, ID1, i)
end;
SetScreen;
EraseRect{gNodeArr{ID1]*.Loc);
ReseiScreen;
Dispose{gNodeArr{ID1));
tor i := ID1 to gNumNodes + 1 do
begin
gNodeArr(i] = gNodeArr]i + 1};
it gNodeArrli] <> nil then
gNodeArr[i]*.ID = i
ond;
gNumNodes = gNumNodes - 1
end
ond
ond;

{r ® @ @ ¢ @ ¢ 9 e ° ¢ e 9 Hand'eFilechoice ® 9 # ® ¢ ¢ ¢ * & 3 © & © e o O O o n

procedure HandleFileChoice (theltem: integer);
var
reply: SFReply; { used in all SF samples }
fptr: AFilePtr;
{. ArchFile;
r: ArchRec;
n: ElementPir;
. LinkP1r,

k: ElemType;
p: Poiny;
typelist: SFTypelist; { typelist for all SF samples }
nl, nn: longint;
. integer;
begin
case (theltem) of
LOAD_ITEM.
begin
SFGetFile{Poin1($00400040), ‘Space for Rent, nll, -1, typelist, nil, reply),
{location)
{vestigial string}
{fileFilter)

{numtypes; -1 means all}
{array to types 1o show}
{digHook)
{record for returned values)
it reply.good then
begin
Reset({, concat{PathnameFromWD(reply.vRefNum), reply.fName)).
7= 1A
{get(f);}
Closalf);
nn .=« gNumNodes;




03/30/91  10:40 Main.p Page 25

for i .« nndownto 1 do

CutElem(NOT_ALINK, i, 0); {destroy oid arch}
gOrigin.h = O;

gOrigin.v = 0,

SetCtiValue(gHScroil, 0);

SetCtiValue{gVScroli, 0);

nn = r.NumNodes;

nl = r.NumLinks;

gDlogRec = 1.DiogRec;
RestoreSettings(gSimDlogPtr);
RestoreSettings(gOutDiogPtr);

fori=1t0o nndo
begin
p = r.NodeArr|i].Loc.topLelt;
p.h = ph + 8;
pv = pv + B
AddElem(r.NodeArr[i].Kind, p);
gNodeArrfi)*.Pd = r.NodeArr|i).Pd;
end;
fori:=1to nido
begin
k = r.LinkArrli].kind;
p := gNodeArrir.LinkArr[i].End1ID)*.Loc.1opleft;
AddElem(k, p);
p := gNodeArr[r.LinkArr{i].End2ID}*.Loc.topleft;
AddElem(k, p); ‘
glinkArr[i}*.Pd := r.LinkArr|i].Pd;

end;

UpdateWindow(gPadWindow)
end
elae
SysBeep(1)

ond;
SAVE_[TEM:
begin
SFPutFile(Point($00400040), ‘Save Topology as:', ‘untitied.arch’, nlil, reply); {location}
{prompt string} , '
{original name)
{digHook)
{record for returned values}
it reply.good then
begin
for i '= 1 to gNumNodes do
begin
r.NodeArr[i].Kind := gNodeArr|i]*.Kind;
r.NodeArr[il.Loc := gNodeArr(i]*.Loc,
r.NodeAr|i].Pd := gNodeArrfi)*.Pd
end;
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for i = 1 to gNumlLinks do
begin
r.LinkArr[i).Kind = glLinkArr[i]*.Kind;
r.LinkArr[il.End1iD = gLinkArr(i}*.End1ID;
r.LinkArr[i].End2ID = gLinkAre[i]*.End2iD;
r.LinkArr{i].Pd = glinkArr]i]*.Pd;

ond;

1.NumNodes = gNumNodes;

r.Numlinks := gNumlinks;

r.DiogRec = gDiogRec;

" =1

rewrite(f, concat(PathnameFromWD(reply.vRe{Num), reply.fName));
put(f);

close(t)

end

else
SysBeep(1)
ond;
QUIT_ITEM:
gDone = TRUE;
eond
end;

‘IOOC'.'OQOOOOQQO. Upda!oArcho'.toO..'i'.'.tl.‘too..'/}
procedure UpdateArch,;
var
i. integer;
begin
#t gDlogRec.SimRadArt[Typ] then
bagin
for i := 1 to gNumNodes do
case gNodeArr|i]*.kind of
Node:

Slfi&gToRNum(ngogRoc.SimStrArr[di], gNodeArr(i)*.Pd);
Hub:
StringToRNum(gDlogRec.SimStrArr[Hpd], gNodeArr(i]*.Pd).
Bypass:
81...gToRNum(gDlogRec.SimStrArr[Bpd], gNodeArr(i)*.Pd)
ond;
fori:= 1 to gNumlLinks do
case glinkArrfi]*.kind ot

Dpix:
String ToRNum(gDiogRec.SimStrArr{Dpd], glLinkArr[i]*.Pd);
Spix:
StringToRNum(gDlogRec.SimStrArr[Spd], gLinkArr(i)*.Pd)
ond
end
end;
{,QC.""...'..'....'. Byp“.s.‘ . ."O..'.'.'."O."........,)
function BypassSet (var nset: NodeSet): NodeSet,
var

i: integer,;
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theSet. NodeSet,
begin
theSet = [);
nset = [):
for i .= 1 to gNumNodes do
if gNodeArr]i}*.kind = Bypass then
theSe! = theSe! + [gNodeArr(i}*.ID]
eolse
nset = nset + [gNodeArr]i)*.ID}:
BypassSe! = theSet
end;

"...I..'........'..'."..' Start 'l".'."'..""")

function Start (Fritem, Rngltem: DiogltemType): integer;
var
r. real;
begin
with gDiogRec do
begin
# SimRadArr{Rngitem] then
begin
StringToRNum(SimStrArr[Fritem], r1);
Hr=0then
Start = 0
olse
Start = 1
ond
olse
Stant = 1
end
end;

‘I".......'...'......' Fin "'.'."'Q.'..".'..'....I}

function Fin (Fritern, Rngltem: DiogltemType): integer;
ver
I integer;
r. real;
begin
with gDlogRec do
begin
it SimRadArr[Rngitem] then
begin
StringToRNum(SimStrArr{succ(Fritem)], r);
i = round(r * 1000);
StringToRNum(SimStrArr[Friiem], r);
i = i - round(r * 1000);
StringToRNum(SimSirArr{succ(succ(Fritem))], r);
ifr< 0then
i:=idiv (round(r * 1000))
else
i=0
end
else
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i ‘= 1;
Fin = i
end
end;

‘ltatnctttﬁcﬂoodnn. s!.ps‘z. vottlico-c'ouvunov'-olno.o,)

tunction SiepSize (Fritem, Rngitem, Pgliem: DioghemType) reai;
ver
1: real;
begin
with gDiogRec do
begin
it SimRadArr{Rngltem] then
StringToRNum({SimStrArrisucc(succ{Fritem))], 1)

else
StringToRNum(SimStrArr[Pditem], r);
StepSize = r
ond
end,
{I.'.""...'...O.."... w'i!'Hoadar .0"...."l"."i‘.‘t‘..‘]}
procedure WriteHeader (f: TFilePtr);
begin
with gDiogRec do
begin

rewrite(1*, concal(PathnameFromDirlD{gCurDirSiore*, -(gSFSaveDisk*)), OutFileSir));
writeIn{fr, ***);

write{!*, WP

it SimRadArr{Hr] then
write{{*, chr(9), 'HPd'};
if SimRadArr{Br] then
write(f*, chr(9), 'BPd');
It SimRadArr({St] then
write{f*, chr{8), 'SPd');
it SimRadArr[Dr] then
write(f*, chr(9), 'DPc’);
it OutChkArr[Pseg] then
write{f*, chr(8), "Pseg’);
it OutChkArr[Avsl] then
write(t*, chr(8), ‘Avs!);
it OutChkArr{Ecp] then
write(f*, chr{9). ‘Ecp'):
It OUICHKArEmMSI] then
write(f*, chr(9), 'Emsl’);
writein(1*)

ond
ond;

‘,‘..0"0'..'.00.000. Ad;u"D'OORQC '.!0...'..'0'.0....!..IQ'..,}
procedure AdjustDiogRec (Np. Hp, Bp, Sp. Dp: mal);

begin

with gDlogRec do
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begin

RNumToString(Np. SimStrArr{Npd]).
RNumToString(Hp, SimStrArr{Hpd]).
RNumToString(Bp, SimStrArr[Bpd]),
RNumToString(Sp., SimStrArr[Spd}).
RNumToString(Dp. SimStrArr[Dpd)).
end

ond;

{I.'.'.OQOOQH.i".'H‘ndhAna‘Choic."I‘.‘tt.'l.i,}
procedure HandieAnaiChoice (theltem: integer),
var
f: texl,
n h b s d i max, j, k, em: integer,
ditem: DiogitemType,
i, Norm: longint;
llemType: integer;
flemMandle: Handle;
theRect, itemRect: rect;
dun, Turbo: Boolean;
myStringl, myString2: Str25s5;
Ns, Hs, Bs, Ss, Ds, Psg: real;
begin

dun = FALSE;
case theltem ot
SIM_ITEM:
begin
BringToFront(gSimDilogPir),
NumToString(gNumNodes + gNumLinks, myString1);
GetDltem(gSimDlogPtr, 24, ltemType, ltemHandle, ltemRect);
SetiText(ilemHandle, myString1);
ShowWindow(gSimDiogPir);
while not dun do
begin
ModalDialog(nil, ltem);
case ltem of
1:
begin
HideWindow(gSimDlogPtr);
SaveSetlings(gSimDiogPtr).
UpdateArch;
dun := TRUE
ond;
2:
begin
HideWindow(gSimDlogPtr);
RestoreSettings(gSimDlogPtr);
dun :« TRUE
end,
25:
begin
GetDitem(gSimDiogPtr, ltem, itemType, itemHandle, iiemRect);
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It GeiCtiValue(ControlHandle(itemHandie}) <> 1 then

begin
SetCtiValue(ControiHandie(itemHandie), 1)
GetDhem(gSimDlogPtr, Hem + 1, itemType. ilermHandie, itemRect),
SeiCtiVaiue(ControlHandie(itemHandie), 0);

end
end;
26:
begin
GetDltem(gSimDlogPtr, item, itemType, itemHandle, itemRect);
It GetCtiValue(ControiHandle(itemMHandie)) <> 1 then
begin
SeiCtiValue(ControlHandie(itemHandle), 1);
GetDltem(gSimDlogPtr, tem - 1, itemType, itemHandie, itemRaect);
SetCtiValue({ControlHandie(itemHandie), 0);

ond
end,
48..49:
begin
GetDltem(gSimDlogPtr, item, itemType, itemHandie, itemRect);
it GetCtivaiue{ControlHandle(itemHandie)) <> 1 then
begin
SetCtivalue{ControlHandie(itemHandle), 1);
GetDltem(gSimDiogPtr, ltem + (+1 - (ltem mod 48) * 2), itemType, itemHandie, itemRect);
SetCtiVaive(ControlHandie(itemHandie}, 0)
end
end;
50..54:
begin
GetDitem(gSimDiogPtr, ltem, itemType, itemHandle, itemRect);
It GeiCtiVaiue{ControlHandle(itemHandie)) <> 1 then
begin
SelCtivalue{ControlHandle(itemHandie), 1),
GetDltem(gSimDlogPtr, tem + 5, itemType, itemHandle, itemRect):
SetCiivalue({ControiHandle(itemHandie), 0)
snd
end;
55..59:
begin
GetDltem(gSimDlogPir, ltem, itemType, itemHandle, itemRect);
It GetCtiVaiue(ControiHandie(itemHandie)) <> 1 then
begin
SetCtlvValue{ControlHandie(itemHandle), 1);
GetDitem(gSimDiogPtr, ttem - S, itemType, itemHandle, temRact);
SeiC1iValus{ControlHandle(itemHandie), 0)
end
ond;
otherwise
end
end
end;
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OUT_ITEM:
begin
BringToFront(gOutDiogPtr);
ShowWindow(gOuiDiogPir);
whiie not dun do
begin
ModaiDialog(nll, llem);
cese liem of
1:
begin
HideWindow(gOutDiogPtr);
SaveSettings(gOutDlogPtr);
dun '« TRUE
ond;
2:
begin
HideWindow(gOutDlogPitr);
RestoreSettings(gOutDiogPtr);
dun .= TRUE
end;
5.8
begin
GeiDliem(gOutDiogP1r, item, itemType, itemHandie, itemRect);
SetCtivaiue(ControlHandie(itemHandle), Bitxor(GetCtiValue(ControiHandle(itemHandle)), 1));
end;
otherwise
end
end
end;
RUN_ITEM:
begin
whth gDiogRec do
begin
SetCursor(GetCursor{watchCursor)**);
gBypSet :» BypassSet(gNodeSet);
StringToNum(SimStrArr[Mst], gNumStates),
Turbo = not (OutChkArr{Pseg] or OutChkArr{Avsl] or OutChkArriEcp] er OutChkArr[Emsl));
ond;
## Turbo then
begin
gSegCount := 0;
randSeed = TickCount;
TurbolLoop;
Psg := gSegCount / gNumSiates;
SetRect(theRect, 35, 3, 123, 20);
EraseRect{theRect);
FrameRect(theRect);
MoveTo(37, 15);
RNumToString(Psg. myString1), .
DrawString(concat('Pseg=", myString1));
ShowCursor
ond
else
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begin

WriteHeader(@1);

Ns = StepSize{Nfr, Nr, Npd),

Hs = StepSize(RHir, Hr, Hpd):

Bs .« StepSize(Bfr, Br, Bpd),

Ss = StepSize(Str, Sr, Spd);

Ds := SwepSize(Dir, Dr, Dpd);

for n := Stan(Nfr, Nr) to Fin(Nir, Nr) do
for h .= Start(Hfr, Hr) to Fin(Hir, Hr) do
for b := Start(Bfr, Br) to Fin(Bir, Br) do
for 8 = Start(Sfr, Sr) to Fin(Str, Sr} do
for d :« Start(Dtr, Dr) to Fin{Dfr, D1} do

begin
AdjustDiogRec(n * Ns, h * Hs, b * Bs, s * Ss, d * Ds);
UpdateArch;
gSegCount = 0;
gAvs! = 0;
gEcp = 0,
gEms! :a 0;
gTotalSegs := 0;
max = 0;
randSeed = TickCount;
for i .= 1 to gNumNodes do
begin
gSeglnthArr|i] = 0;
gMaxSegArr[i] '= 0
ond; {for i 1o gNumNodes)}
for i = 1 to gNumStates do
begin

GetMonteState;
Analyze;

it gNumSegs > 1 then
gSegCount := gSegCount + 1;
max = O;
for j = 1 to gNumSegs do
begin
| = SetSize(gSegArr(j]);
gSegLnthArr(l] := gSeglLnthArr(l] « 1;
if 1 > max then
max = |
end; {for })
gTotalSegs = gTotaiSegs + gNumSegs;
gMaxSegArr{max] = gMaxSegArrimax] + 1

ond; {tor i to gNumStates)

Psg := gSegCount / gNumStates;
for i := 1 to gNumNodes do
begin
gAvs! :« gAvsl + i * gSeglnthArli};

Psge 32
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gEcp = gEcp + Binomial(i) * gSegLnthAr(i];
QEms! .= gEmsl + i * gMaxSegArr|i)
ond; {for}

Norm = (gTotalSegs ° SetSize(gNodeSe!)).
it Norm <> 0 then

gAvs! = gAvs! / Norm
else

gAvs! = O;

Norm := (gTotalSegs * Binomiai(SetSize(gNodeSset)));

i Nom < 0O then
gEcp = gEcp / Norm
eoise
pEcp = O;
Norm .= (gNumStates * SetSize(gNodeSet)):
it Norm <> O then
9Ems! .= gEms! / Norm
else
gEms! = 0;

with gDlogRec do

begin

write{f, n * Ns);

it SimRadArr{Hr] then

write(f. chr(9), (h * Hs) : 6 : 3);
it SimRadArr{Br] then

write{f, chr(9), (b * Bs) : 6 : 3);
it SimRadArr|Sr] then

write(l, chr(8), (¢ * Ss) : 6 : 3);
it SimRadArr{Dr] then

write({f, chr{9), (d * Ds) : 6 : 3);
i OutChkArr|Pseg) then

write(f, chr(8), (Psg) : 6 : 3);
it OutChkArr[Avsi] then

write(f, chr(9), (gAvsl} : 6 : 3);
H OutChkArr{Ecp] then

write(l, chr(9), (gEcp) : 6 : 3);
it OVIChkArr{Emsl] then

write{{, chr(9), (gEmsl} : & : 3);
writeln{(f)
end; {with}

SetRect(theRect, 35, 3, 123, 20).
EraseRect(theRect);
FrameRect(theRect);

MoveTo(37, 185);

RNumToString(Psg, myString1);
DrawString(concat('Pseg=’, myString1));
ShowCursor;

end; " {muhi for loop)
close(f)
end;

{eise)

SetCursor(arrow)
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ond {RUN)
end {case)
ond; {procedure)

{/"""".'"'""""'HIHC"WHUC?\O‘C‘"'""""'/)

procedure HandieMenuChoice (menuChoice: longint);
ver
i, nn, theMenu, theltem: inleger;
bagin
it {menuChoice < 0) then
begin
theMenu = HiWord(menuChoice);
theltemn :« LoWord{menuChoice);
case (theMenu) of
APPLE_MENU_{D:
HandleAppleChoice(theltem);
FILE_MENU_ID:
HandleFileChoice(theltem);
EDIT_MENU_ID:
begin
case theltem of
CLEAR_ITEM:
begin
nn = gNumNodes;
for i .= nndownto 1de
CutEiem(NOT_ALINK, i, 0); {destroy old arch}
gOrigin.h = 0;
gOrigin.v .= 0;
SetCtiValue(gHScroll, 0);
SetCtivalue(gVScroll, 0),
end;
end
ond;
ANAL_MENU_ID:
HandleAnaiChoice(theltem);
ond;
HiliteMenu(0)
end

ond;

‘I'.C..'.....‘.scronﬂ...ﬂ..."'..n

procedurs Scroll;
ver
oldOrigin: Point;
dh, dv: integer;
tRect: Raect;
begin




03/30/91  10:40 Maln.p

oldOrigin = pOrigin;

gOrigin.h := 1 * GetCtiValue(gHScrotl);
gOrigin.v = 1 * GeiCtiValue(gVScroll);
dh = oldOrigin.h - gOrigin.h;

dv := oldOrigin.v - gOrigin.v;
gUpdateRgn = NewRgn;

tRec! = gPadWindow*.portRect;
tRecl.right = tRect.right - SBarWidth;
tRect.bottom := tRec!.botiom - SBarWidth:
tRectieft := tRect.left + TOOL_SIZE + 2;
ScrollRect(tRect, dh, dv, gUpdateRgn);

{/ * Have scrolied in junk .. . need 10 redraw * /}

SetOrigin(gOrigin.h, gOrigin.v);
OffsetRect(gUpdateRgn*».rgnBBox, gOrigin.h, gOrigin.v);
ClipRect(gUpdateRgn**.rgnBBox);

DrawCont;

DisposeRgn(gUpdateRgn);

SetOrigin(0, 0);

ClipRect(screenBits.bounds)

ond;

{I * % ¢ & & B 0 9 e ¢ & O O e e “roi'bamroc * P S 9 F s 6 ¢ ° 3 B & € P 0

procedurs ScroliProc (theControl: ControiHandle; theCode: integer):
ver
pageSize: integer;
scroliAmt: integer;
begin
i (theCode <> 0) then
begin
H (theControl = gVScroll) then
pageSize = (gPadWindow*.portRect.bottom - gPadWindow* portRect.top) div 4
else
pageSize .= (gPadWindow*.porntRect.right - gPadWindow*.portRect.left) div 4;

case (theCode) of
inUpButton:
scrollAmt = -3;
mnDownButton:
scrollAmt = 3;
inPageUp:
scroliAmt = -pageSize;
inPageDown:
scroliAmt = pageSize
orid,; ,
SetCtiVaive(theControl, GetCtiValue(theControl) + scroliAmt);
Scroll
end
ond;
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(I * & ® & > & @ ¢ @& @ L] L J H.nd’ocon‘ro, \d L] * * @ o & L L * o = LK 2 0
procedure HandleControl (cntrl: ControiHandle; part: integer. pnt: Point);

begin

it ((entrl = gVScroll) or (cntrl « gHScroll)) then
# (part =« inThumb) then

begin

pant = TrackControi{entrl, pnt, nil);

Scroll

end
else

part := TrackControl(cntrl, pnt, @ScroliProc)

ond;

{/.".-'..'.'.'.'.H‘ﬂd‘ﬁscr”ﬂ.".'.........."'."I)
procedure HandieScreen (w: WindowPir; p: Point);
var
thePoint: Point;
theRect. Rect;
thePan, -ElemiD1, ElemiD2: integer;
theControl. ControiHandle;
savePort: GrafPtr;
theEiemeant: ElementPtr;
begin
GetPort(savePon);
SetPort(w);
thePoint = p;
GlobalTol ocal{thePoint);
thePan = FindControl(thePoint, w, theControl);
ElemiD1 = 0;
ElemiD2 = O:
theRact := gPadWindow* portRect,
theRecLright .= theRect.ieft + TOOL_SIZE;

it (thePart = 0) then
begin
it (PtinRect(thePoint, gTMap[CutNode])) then
begin
HiliTool{CutNode)
ond
olse it (PtinRect(thePoint, gTMap|CuiLink])) then
begin A
HiliTool(CutLink)
ond
else if (PtinRect(thePoint, gTMap{AddDpix}}) then
begin
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HiliTool(AddDpix)
ond
else it {PlinRect({thePoint, gTMap{AddSpix}}) then
begin
HiliTool(AddSplx)
end
eolse It (PtinRect(thePoint, gTMap{AddByp])) then
begin
HiliTool{AddByp)
end
oise It (PtinReci(thePoint, gTMap{AddHub])) then
begin
HiliTool{AddHub)
end
olse i (PtinRect(thePoint, gTMap{AddNode])) then
begin
HiliTool{AddNode)
ond
olse B PtnReci(thaPoint, theRect) then
begin
HiliTool(NuliCom);
gFirstClick := True,
gFirstiD = 0
end
else
begin
gWhenFirstCiick = 0;
cese gMode of
NuliCom:
begin
EtemiD1 = FindElem(thePoint);
2t ElemiD1 <> 0 then
PopElemDLOG(ElemiD1)
else
begin
ElemiD1 = GetlLinkNum(thePoint);
it ElemiD1 <« 0 then
PopLinkDLOG(ElemiD1)
end
end;
AddNode:
begin
AddElem{Nods, thePoint):
it gTStae o locked thea
HiliTool{AddNode);
ond;
AddHub:
begin
AddElem(Hub, thePoint);
it gTState <> locked then
HiliTool{AddHub);
end;

AddByD:
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begin
AddElem(Bypass, thePoint);
it gTState <> locked then
HiliTool{AddByp);
end;
AddSpix:
begin
AddElem(Spix, thePoint);
it ((pTState <> locked) and gFirstClick) then
HiliTool{AddSpix);
ond;
AddDpix:
begin
AddElem(Dpix, thePoint);
It ((9TState <> locked) and gFirstClick) then
HiliTool{AddDpix);
ond;
CutNode:
begin
EiemID1 = FindElem{thePoint);
it ElemiD1 < O then
CutElem(NOT_ALINK, EiemiD1, ElemiD2);
It gTState <> locked then
HiliTool(CutNode)
end;
Cutlink:
begin
It gFirstClick then
begin
gFirstiD := FindElem(thePoint);
if gFirstiD <> O then
gFirstClick :« FALSE
ond
eolce
begin
ElemiD2 := FindElem(thePoint);
it ElemiD2 <> O then
begin
it ElemID2 = gFirstiD then
begin
gFirstiD = O;
gFirsiClick = True
end
else
begin
CutElem(ALINK, gFirstiD, ElemiD2);
gFirstClick := True
oend
end;
ond;
i ((gTState <> locked) and gFirstClick) then
HiliTool(CutLink);
end
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end {case}
eond
end
eise
HandleControl(theControl, thePart, thePoint);

SetPori(savePort)

‘,..."..’...'.."'.".'.'..O.H.nd‘.Mou‘.DOer".n

procedure HandleMouseDown;
var
whichWindow: WindowPtr;
thePart. Integer;
menuChoice, windSise: longint;
thePoint. Point;
begin
thePan = FindWindow(gTheEvent.where, whichWindow);
case (thePart) of
inDesk:
SysBeep(1):

inMenuBar:
begin
menuChoice = MenuSeleci(gTheEvent where);
HandleMenuChoice(menuChoice)
end;

inSysWindow:
SysiemClick(gTheEvent, whichWindow);

DragWindow(whichWindow, gTheEvent.where, gDragRect);

inGoAway:
¥ (TrackGoAway(whichWindow, gTheEvent.where)) then
gDone := TRUE;

inGrow:
Grow(whichWindow, gTheEveni.where);

nCortent:
B whichWindow <> frontwindow then
SelectWindow(whichW. dow)
elisse
HandleScreen(whichWindow, gTheEvent.where)
ond
ond;
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"..""..iO."OHand..Ac‘iv..0.0l.'l.'.l/)
procedure HandleActivate (w: WindowPtr; goingActive: Boolean);
begin

if w = gPadWindow then
begin
SetPori(w);
DrawGrowlcon(w);
end;
it goingActive then
begin
ShowControl(gHScroll),
ShowControl(gVScroll)
end
eloe
begin
HideControl(gHScroll);
HideControl{gVScroli)
end
ond;

{I‘....""'..'HlndlﬁEVGnt'...".".."./)
procedure HandleEvent,

var

aPoint. Point;

orr: integer,
begin

case (gTheEvent.what) of

nuliEvent:

(" HandleNull ;*)

mouseDown:
begin
HandlsMouseDown
end;
autoKey:

keyDown:
begin
gTheEvent. Message := BitAnd(gTheEvent. Message, charCodeMask);
it BitAnd(gTheEvent.Modifiers, CmdKey) = CmdKey then
begin
HandleMenuChoice(MenuKey(Chr(gTheEvent.Message)))
end
end;

updateEwvt: )
if (WindowPir(gTheEvent.message} = gPadWindow) then

UpdateWindow(gPadWindow)
olse
begin
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BcginUpdato(Windothr(gThoEvont.Mossago));
EndUpdate(WindowP1r(gTheEvent. Message))
end,

activatebvt:
begin
HandieActivate{gPadWindow, BAND(gTheEvent.Modifiers, activeFlag) = 1)
end;
diskEvt:
begin
it HiWrd(gTheEvent.message) <> noErr then
begin
SetPilaPoint, DI_LEFT, DI_TOP),
orr ;= DIBadMount(aPoint, gTheEvent.Message)
end
end;
aApp4EVL:
begin
case BAND(BROTL(gTheEvent.message, 8), $FF) of
SUSP_RES_MESS:
begin
ginBackground ‘= BAND(gTheEvent Message, RES_MASK) = 0;
HandleActivate(gPadWindow, not glnBackground)
ond;
otherwise
ond
end;
otherwise
end
end;

(’....'I'.'.C G.‘G‘ODMowsO '0..".'."Ql..QQQOOQQOQI)
procedure GetGlobMowse (var pt: point),
var
svent: EventRecord;
begin
{if OSEventAvail(0, event) then}
{pt := event.where}
{ols0}
{pt := event.where}
GetMouse(pt):
LocalToGlobal(pt)
end;

{’..'C'.....’.'.‘....'. Adju"curs...‘..".."."".',)

procedurs AdjustCurs (pt: point; var crgn: RgnHandle),
ver
window: WindowPir;
arrowRgn, activeRgn: RgnHandle;

pRect: Rect;
CursiD: integer;
begin

window = FrontWindow;
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it (not ginBackground) and (not IsDAWindow(window)) then
begin
srrowRgn = NewRgn,
activeRgn .= NewRgn;
SetRectRgn(arrowRgn, MAX_NEG, MAX_NEG, MAX_POS, MAX_POS),
if ((gMode <> NuliCom)) then
bagin
it IsAppWindow(window) then
begin
SetPort{window);
Se10rigin(-window*.ponBits.bounds.lefl, -window”.portBits bounds.top);
pRect = window* . portRect;
pReclisft ;= pRect.iett + TOOL_SIZE;
pRectright = pReclright - SBarwidth;
pRect.bottom = pRect.bottom - SBarWidth;
RectRgn(activeRgn, pRect);
SectRgn(activeRgn, window*.visRgn, activeRgn).
case gMode of
AddNode_.AddByp:
CursiD ;= ELEM_CURS;
CutNode:
CursiD := CUT_NODE_CURS;
AddSpix:
CurslD = ADD_SLNK_CURS;
AddDpix:
CursiD := ADD_DLNK_CURS;
CutLink:
CursiD := CUT_LINK_CURS;
otherwiae
end;
SetOrigin{0, 0)
end
ond;
DiffRgn(arrowRgn, activeRgn, arrowRgn);
H# PtinRgn(pt, activeRgn) then
begin
SetCursor(GetCursor(CursiD)**);
CopyRgn(activeRgn, crgn)
end
eise
begin
SetCursor(arrow);
CopyRgn(arrowRgn, crgn)
end;
DisposeRgn(arrowRgn);
DisposeRgn(activeRgn)
ond
end;

‘/."..'...'.\...'....'"M.inLoop"'.'.".'..C..‘.'.n

procedurs Mainloop;
var
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gotEvent: boolean;
cursRgn: RgnHandle:
mowse:. point;
begin
mowse.h = O,
mowse.v = O;
cursRgn = NewRgn,
FlushEvents(everyEven!, 0).
gWNEImplemented = (NGe!TrapAddress(WNE_TRAP_NUM, ToolTrap) <>
NGetTrapAddress(UNIMPL_TRAP_NUM, ToolTrap)); '
white {gDone = FALSE) do
begin
it (QWNEimplemented) then
begin
GetGlobMowsa{mowse);
AdjusiCurs(mowse, cursRgn);

gotEvent :« WaitNextEvent(everyEvent, gTheEvent, MAXLONGINT, cursRgn)
and
eise
begin
SystemTask;
gotEvent = GetNextEvent(everyEvent, gTheEven!)
end;
it gotEvent then
beg!n
AdjustCurs(gTheEvent.where, cursRgn);
HandleEvent
ond
ond
ond;

{I....‘.... ”i‘c'ni' .""..0..'0'.’}
procedure Miscinit;
var
it integer;
begin
gDone = FALSE;
gWhenFirsiClick := O;
ginBackground = FALSE;
gMode = NuliCom;
for i = 0te MAX_ITEMS do
begin
gNodeArr(i] = nil;
glinkArr[i] := nll;
@NilLinkArri] = nl}
ond;
gTState = off;
gFirstClick .« TRUE;
gFirstiD = O;
gNumNodes = 0;
GNumLinks = 0;
SetCursor(arrow);
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gLinkSet := [Spix, Dpix];

glComSet := [AddDpix. AddSpix, Cutlink];

randSeed = TickCount;

gSegCount = 0;

i .« SyaEnvirons(1, gWorid);

gSFSaveDisk = PtrToWord(kSFSaveDisk),

gCurDirStore .=« PtrTolong(kCurDirStore)
ond;

l’..'..'...........’.Di.‘on.nit ..‘.'...'I'.....'l.’l}

procedure Dialoginit;
var
i: DiogliemType;
itemType: integer;
ftemRect: rect;
temHandia: Handle;
begin
with gDiogRec do
begin
9SimDiogPtr .« GetNewDialog(SIM_DLOG, nil, POINTER(MOVE_TC _FRONT));
gOutDiogPtr .= GetNewDialog(OUT_DLOG, nil, POINTER(MOVE_TO_FRONT)).
gElemDiogPtr .= GetNewDialog(ELEM_DLOG, nll. POINTER(MOVE_TO_FRONT)):
glinkDiogPtr .= GetNewDialog(LINK_DLOG, nli, POINTER(MOVE_TO_FRONT));
for i := Npd te Ems! do

case i of
Mon:
SimRadArr{i] .= TRUE;
Exh:
SimRadArr{i] ;= FALSE;
Nec..Dc:
SimRadArr|i] .« TRUE;
Nr..Dr:
SimRadArri] := FALSE;
Ind:
SimRadArr|i] .= FALSE;
Typ:
SimRadArrfi] := TRUE;
Npd..Bpd:
RNumToString(DEF_NODE_PD, SimStrArr(i)).
Spd, Dpd:
RNumToString(DEF_LINK_PD, SimStrArdi)),
Nir..Dst: '
cease ((ord(i) - ord(Npd)) mod 3) ot
o.

RNumToString(DEF_TO_PD, SimStrAr(i));
1:
RNumToString(DEF_STP_SZ, SimStrAni]).
2:
RNumToString{DEF_FRM_PD, SimStrArdi])
ond; '
Mst:

NumToString(DEF_STATES, SimStrArdi]);
Tst:
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NumToString((gNumLinks + gNumNodes), SimStrAr(i]):
Pseg. Emsl:
it i =« Pseg then
OutChkArrfi] .« TRUE
else
OutChikArri] .« FALSE;
otherwise
ond;
OutFileStr = ‘untitied 1';
end;
RestoreSaettings(gSimDiogPtr);
RestoreSettings(gOutDiogPtr);
GeiDitem(gSimDiogPtr, 49, itemType, itemHandie, HemRect);
HiliteControi{ControiHandle(itemHandle), 255},

ond,;
*’."......OC'Window'ni‘.'O.....'.Q'O,)

procedure Windowinit;
ver
padRect, vScroliRect, hScrollRect, viewRect: Recy;
cRgn: RgnHandie;
begin
gOrigin.h = O;
gOrigin.v .= 0;
gPadWindow := GetNewWindow(BASE_RES_ID, nil, POINTER(MOVE_TO_FRONT));
SetPori(gPadWindow);
vScroliRect := gPadWindow* portRect;
vScroliRect.left = vScroliRect.right - 15;
vScroliRect.right = vScroliRect.right + 1;
vScroliRect.bottom = vScroliRect.botiom - 14;
vScroliRect.top = vScrollRect.top - 1;
gVScroll := NewControl(gPadWindow, vScroliRect, ‘hi’, TRUE, 0, 0, PAD_LIMIT, scroliBarProc, 0);
hScroliRect := gPadWindow* portRect;
hScroliRect.right = hScrollRect.right - 14;
hScroliRect.left = hScrofllRect.left - 1;
hScroliRectbottom = hScrollRect.bottom + 1;
hScroliRect.top = hScroliRect.bottom - 16;
gHScroll .« NewControl(gPadWindow, hScroliRect, 'HO', TRUE, 0, 0, PAD_LIMIT, scroliBarProc, 0};
gDragRect := screenBits.bounds;
gDragRectLisft .« gDragRect.left + DRAG_THRESHOLD,;
gDragRect.right .= gDragRect.right - DRAG_THRESHOLD,
gDragRect.bottom := gDragRect.bottom - DRAG_THRESHOLD:
ond;

V.."0.0....OO'..'OmnuB.r'n"'..’.Q..Q'.'.O....G

procedure MenuBarinit;
var
myMenuBar: Handle;

begin
myMenuBar =« GetNewMBar(BASE_RES_ID);
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SetMenuBar{myMenuBar),
gAppleMenu = GetMHandie(APPLE_MENU_ID)
AddResMenu(gAppieMenu, 'DRVR),
DrawMenuBar

end;

begin
Miscinit;
Windowinit;
MenuBarinit;
Dialoginit;
Mainl.oop
end.
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unit Engine;
intertace

uses
ConsVars;

var

9SegAr: array[0..MAX_ITEMS] of NodeSet;

precedure GetMonteState,

precedure Analye;

procedure TurboAnalyze;

function SetSize (nset: NodeSe!): integer;
precedure Turboloop:

implementation

procedure Turboloop;
var
i: longint;
begin
for i ;= 1 to gNumStates do
begin
GetMonteState;
TurboAnalyze,
ond;
ond,;

function SetSize (nset: NodeSet): integer;
var
i, j: integer;
beogin
i=0
for i = 1 to gNumNodes do
¥ ((i In nset) and (i in gNodeSet)) then
Jomijen;
SetSize = |
ond;

precedurs GetMonteState;
var
md: real;
I: integer;
begin
for i = 1 to gNumNodes do
bogin
md = random;
md = abs({md);
md = rnd / 32767.001;
H md < gNodeArr{i)*.Pd then
gNodeArri]*.Alive := FALSE
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else
gNodeArri]*.Alive = TRUE
end;
fori:= 1 to gNumlinks do
begin
rnd := Abs(Random) / 32767.001;
H rnd < glLinkAnli)*.Pd then
gLinkArt{i]*.Alive = FALSE
eise
gLinkArrfi]*.Alive := TRUE
eond
end;
procedure Analyze;

var
ParentSet, Do."esel, SegSet: NodeSe!;
ind, SegNum: integer;
ParentArr. SetArrayType;
flag: boolean;

procedure inspectseg (var pset, iset: NodeSet; thisNcde: ElementPtr);

var
i: integer;
foopset: NodeSet;
NextNode: EiementPrr,
bagin
ParentArrithisNode*.1D] := pset;
pset := peet + [thisNode*.ID);
iset = iset + [thisNode*.ID);
im= 1
while (thisNode*.LList[] © nil)do
begin
it (thisNode*.LList[i)".Alive) then
begin
It thisNode = thisNode* LList[i]*.end! then
NexiNode = thisNode*.LList[i]*.end2
eolse
NexiNode = thisNode* LList[i]*.end1;
¥ NextNode*.Alive then
begin
It NextNode*.1D In pse! then
iset = lsot + (pset - ParentArr{NextNode*.ID})
efse :
begin
it ((thisNode*.LList{i]*.kind = Spix)) then
begin
foopset = {J;
inspeciseg(pset, loopset, NextNode);
it iset ° loopse! = ] then
begin
it (((loopsst - gBypSet) © [}) and ((loopsst * DoneSet) = [J)) then
begin
gNumSegs = gNumSegs + 1;
gSegArrigNumSegs) = loopset
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ond;
pse! (= psal - loopset;
DoneSet := DoneSet + loopee!
end
olse
fso! = iset + loopset
end
eise
begin
inspectseg(pset, iset, NextNode)
ond
end
end
end,
fmiet
end
end,
begin
Donesel = U;
ind .= 1;
gNumSegs = 0;
for ind .= 1 to gNumNodes do
begin
it (gNodeArr{ind)*.Alive and not (gNodeArr{ind]*.iD in DoneSet) and (gNodeArniind}* kind <> Bypass))
then {substilute doneset for segset)
begin
ParentSet = {;
SegSet = [);
SegNum := gNumSegs + 1;
gNumSegs = SegNum;
inspectSeg(ParentSet, SegSet, gNodeArr[ind));
gSepArr{SegNum) = SegSet;
DoneSet := DoneSet + SegSet
ond
end
ond;

procedure TurboAnalyze;
label
1;
vear
PareniSet, SegSet: NodeSe!;
ind: integer;
ParentArr: SetArrayType;
fiag: boolean;
procedure Tinspectseg (ver pesi, lset: NodeSet; thisNode: ElementPtr);
var
{: integer;
loopset: NodeSet;
NextNode: ElementPrr;
begin
ParentArr{thisNode*.l1D]) := pset;
pest .= pset + [thisNode*.ID};
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iset := Is8t + [thisNode*.ID);
i= 19,
while (thisNode*.LList[i] <> nii) do
begin
it (thisNode*.LLis1[i]*.Alive) then
begin
it thisNode = thisNode*.LList[i]*.end! then
NextNode := thisNode*.LList[i]*.end2
olse
NextNode := thisNode*.LList[i]*.end1;
H NextNode*.Alive then
begin
It NextNode*.ID in pse! then

ise! :» iset + (psst - ParentArr{NextNode*.1D])
eolse

begin
It ((thisNode~.LList[i]*.kind = Spix})) ti.en
begin
loopset = [J;
Tinspectseg(pset, loopset, NextNode);
it lse! * loopse! = [} then
begin
it (loopse! - gBypSet) <> [} then
begin
goto 1
ond;
pse! = pset - loopset
end
else
ise! = iset + loopset
end
eise
begin
Tinspectseg(pse!, iset, NextNode);
end
snd
ond
end;
imie
ond
ond;
begin
809301 - n;
flag := FALSE;
for ind := 1 to gNumNodes do
begin

it ((gNodeArr{ind]*.Alive) and not (gNodeArr{ind}*.ID in SegSet) and (gNodeArr{ind]*.kind <>

Bypass)) then

begin

it Fiag then
goto 1{;

ParentSet = [J;

TinspeciSeg(ParentSet, SegSet, gNodeArrind]);
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Flag = Trve;
end
ond;
Exit(TurboAnalyze);
1:
gSegCount = gSegCount + 1
ond;
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Page §




